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INTRODUCTION 


In  iununor  1973|  heavy  rnina  in  the  aouthern  part  of  the  Rad  Rlvar  baaln 
prompted  aomo  Mlnnoaota  farmora  north  of  Grand  Forka,  North  Dakota,  to  con¬ 
struct  tholr  ovm  leveea.  These  levoos  prevented  flooding  of  thousands  of 
acres  of  croplnndi  This  success  led  to  extensive  agriculturol  levee  con¬ 
struction  by  formers  on  both  sides  of  the  river.  As  of  the  latest  surveys, 
approximately  36  miloa  of  agricultural  levoos  arc  on  the  Minnesota  side  and  19 
miles  of  levees  arc  on  the  North  Dakota  side. 

Various  Federal  ond  State  agencies  expressed  concern  over  the  potential 
adverse  impacts  of  uncontrolled  levee  construction.  In  1977,  at  the  request 
of  the  States  of  Minnesota  and  North  Dakota,  the  St.  Paul  District  examined 
these  agricultural  levees.  Our  nnalysis  showed  that  continued  levee  con¬ 
struction  would  significantly  incrense  flood  stages  and  velocities,  wltli 
adverse  impacts  possil)ly  extending  ns  far  downstream  ns  Connda.  On  tins 
basis  of  this  analysis,  the  two  States  dcclored  a  moratorium  on  additional 
levee  construction  and  began  developing  Joint  criteria  to  regulate  agri¬ 
cultural  levee  construction. 

The  agricultural  levees  have  been  in  place  during  three  mojor  floods  - 
in  1975,  L978,  and  1979.  TIjc  belinvior  of  the  levees  during  these  floods 
substantiated  the  conclusions  of  the  District’s  hydraulic  anolysis.  The 
stages  for  the  1978  and  1979  floods  wore  neorly  1  foot  higher  than  they 
would  have  been  witliout  tlu*.  levees.  In  addition,  the  levees  were  overtopped 
or  failed  In  numerous  places  in  1978  and  1979, 

In  early  1980,  tlie  Governors  of  Mlnnesoto  and  North  Dakota,  with 
iiinitcd  involvement  by  tlio  Manitoba  Government,  agreed  on  levee  criteria. 

The  primary  requirement  is  that  the  levees  may  not  increase  the  stage  of 
the  100-year  flood  on  the  Red  River  by  more  than  one-half  foot.  The 
criteria  also  specify  other  standards  for  construction  and  interior  drain¬ 
age.  Section  J  of  the  agreement  allows  for  exceptions  to  the  one-half 
foot  criteria.  Under  the  authority  of  this  section,  the  Governors  directed 
the  local  water  management  organizations  to  develop  a  compromise  plan 
for  the  existing  agricultural  levees. 
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The  Corps  has  functioned  as  a  technical  consultant  to  the  States 
and  local  agencies,  providing  engineering  information  on  the  main  stem 
and  the  agricultural  levees.  Much  of  the  information  contained  in  this 
report  has  already  been  presented  to  and  coordinated  with  the  State  and 
local  agencies  over  the  past  several  years.  This  report  consolidates  the 
results  of  the  Corps*  analysis  of  the  Red  River  main  stem  from  Grand  Forks 
to  the  international  border.  The  overall  report  consists  of  three  major 
sections : 


I.  Analysis  of  Existing  Agricultural  Levees  and  Proposed  Modifications 

II.  Feasibility  Analysis  of  Main  Stem  Alternatives 


III.  Guidelines  for  Agricultural  Levee  Construction 


TECHNICAL  NOTES 


FLOOD  FREQUENCIES 

In  1971,  the  U. S.  Geological  Survey  completed  a  report  defining  the 
regional  flood  for  the  Red  River.  This  report  was  prepared  in  cooperation 
with  the  States  of  Minnesota  and  North  Dakota,  Corps  of  Engineers,  and  Soil 
Conservation  Service.  In  1972,  the  regional  flood  profile  and  discharges 
were  adopted  for  use  by  the  various  State  and  Federal  agencies.  The  regional 
flood  is  chat  flood  which  has  a  1-percent  chance  of  being  equaled  or  ex¬ 
ceeded  in  any  given  year;  over  a  long  period  of  time,  it  will  have  an  average 
recurrence  interval  of  100  years.  This  flood,  commonly  referred  to  as  the 
1-percent  chance  or  100-year  flood,  is  used  by  both  States  for  floodplain  manage- 
inent  on  the  main  stem.  Ihe  States’ criteria  on  agricultural  levees  also  re¬ 
late  maximum  allo'.^able  stage  increases  to  this  particular  flood  profile. 

Corps  of  Engineers  regulations  specify  that  the  most  up-to-date 
frequency  curves  must  be  used  for  the  planning  and  design  of  Corps  projects. 
Several  major  floods  have  occurred  since  1972.  Discharge  data  for  these 
floods  and  for  three  floods  in  the  last  half  of  the  19th  century  have  led 
to  revisions  in  the  Corps'  frequency  curves.  The  changes  are  not  considered 
significant  enough  to  warrant  revising  the  1972  interagency  flood  frequency 
data,  but  may  cause  some  confusion  because  two  sets  of  freqijency  curves  are 
being  used  for  the  Red  River.  For  instance,  the  1972  interagency  discharge  of 
the  1-percent  chance  (100-year)  flood  at  Grand  Forks  is"89,000  cfs  (cubic 
feet  per  second),  but  the  Corps  uses  a  1-percent  chance  discharge  of  106,000 
cfs  for  its  planning  cind  design  work.  In  keeping  with  the  purpose  of  this 
report  and  at  the  request  of  the  States,  only  the  1972  interagency  flood 
frequencies  are  used  for  this  analysis.  A  table  of  flood  flows  and  frequency 
curves  are  included  in  Appendix  B. 

a)MPUTER  MODELS 

The  principal  model  used  in  our  analysis  of  the  agricultural  levees  is 
the  HEC— 2  water  surface  profile  model.  This  model  (tetennihes  the  changes  in 
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water  surface  elevations  resulting  from  encroachments  -an  tl^  floodplain  such 
as  levees,  bridges,  etc.  Additional  models  include  the  HEC— 5  basin  high— flow 
model  and  the  EAD  (Expected  Annual  Flood  Damage)  eccmomic  model,  both  ^velopeti^  ^ 
by  the  Hydrologic  ^giheering  Center,  and  the  Vicksburg  Crop  Damage  Program 
^veloped  by  the  Waterways  Experiment  Station. 

DATA  BASE 

Accurate  information  on  the  main  stem  is  essential  for  accurate  coi^uter 
modeling.  Ihe  Corps*  agricultural  levee  analysis  is  based  on  the  following 
data: 


78  valley  sections  along  the  main  stem  from  Grand  Forks  to  the  Canadian 
border  at  intervals  of  approximately  1  mile  (surveyed  1978). 

Profiles  of  existing  agricultural  levees  (surveyed  1978,  resurveyed 
1979). 


-  U.S.  Geological  Survey  gaging  records  on  stages  and  discharges  of 
recent  floods  on  the  Red  River. 


-  High-water  marks  along  the  Red  River  and  tributaries  for  recent  floods. 
All  were  set  and  surveyed  by  the  Corps  except  for  the  hi^-water  marks  for 
the  1975  summer  flood.  Ihese  were  obtained  by  the  Middle  River-Snake 
River  Watershed  District. 


Sketches  of  bridges  and  bridge  approaches  furnished  by  State  trans¬ 
portation  departments  (the  following  bridges  and  ^proadies  were  re¬ 
surveyed  in  1978  and  1979:  Highway  1/54,  Oslo  railroad.  Highway  317/17, 
Highway  11/66,  Highway  175/5,  Highway  171). 


-  U.S.  Geological  Sturwey  topographic  m^s  and  aerial  photos  i^d  to 
si^plement  floodplain  data. 

-  1972  interagency  discharges  for  the  1-percent  chance  flood  bn  the  Red 
River  (91i(H)0  cfs  at  Oslo  and  including  rivi^  milages  of  identi¬ 
fiable  landmrks)  ^ 

-  Economic  surveys  of  urban  and  rural  d^ages  (cc^pleted  June  i981)v 
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REACHES 


For  this  analysis,  the  study  area  was  broken  down  into  six  reaches  along 
the  Red  River  main  stem,  as  shown  in  the  following  table.  These  reaches  as  well 
as  the  bordering  townships  are  illustrated  on  figures  la,  lb,  and  Ico 
Table  1  -  Identification  of  study  reaches 


Reach 

River 

miles 

Extension 

1' 

295.7 

-  287.0 

Grand  Forks  to  upstream  end  of  the  existing  agri¬ 
cultural  levee  system. 

2 

287.0 

-  271.2 

Upstream  end  of  the  existing  agricultural  levee 
system  to  Oslo,  Minnesota. 

3 

271.2 

-  255.0 

Oslo  to  downstream  end  of  North  ’'^kota  levees. 

4 

255.0 

-  236.0 

Downstream  end  of  North  Dak  ...  '  .ees  to  doxm- 

stream  end  of  Minnesota  levees. 

5 

236.0 

-  206.7 

Downstream  end  of  Minnesota  levee  system  to 

Drayton,  North  Dakota. 

6 

206.7 

-  155.0 

Drayton  to  the  international  border. 

OTHER  AGRICULTURAL  LEVEES 

In  this  report,  only  the  levees  between  river  miles  287.4  and  236.0  were 
analyzed.  Another  levee  section  approximately  3.5  miles  in  length  extends 
from  river  miles  188  to  184.5.  This  section  is  relatively  small  and  does  not 
significantly  affect  stage,  flow,  or  velocity.  Therefore,  it  has  not  been 
analyzed. 
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RED  RfVER  MAIN  STEM 


Figure  la 


REACH  I  -  REACH  2  \ 

RIVER  MILE  271  -  RIVER  MILE  296  \ 

OSLO-  GRAND  FORKS 


1981 


REACH  6 


CH 


POINT 


PAfttCfiP 


REACH 


REACH  4 


RULASKL 


-BLOOM 


'mam 


: - WAL 


grand  {FORKS  {  COUN 


RED  RIVER  MAIN  STEM 

Fi«ui?e  llj 

REACH  3  •  REACH  S 

RIVER  MILE  206  -  RIVER  MILE  t7l 

DRAYTON- OSLO 

1961 

I.  ANALYSIS  OF  EXISTING  AGRICULTURAL  LEVEES  AND  PROPOSED  MODIFICATIONS 


A.  BACKGROUND 


Since  its  initial  construction  in  summer  19i5  ,  the  agricultural  levee 
system  has  been  continually  modified  and  expanded.  Figures  2,  3,  and  4  show 
the  alignments  of  the  agricultural  levees  during  the  summer  1975,  spring  1978, 
and  spring  1979  floods,  respectively.  Table  2  summarizes  the  lengths  of 
agricultural  Idvees  in  place  for  each  flood  and  each  State. 


Length  of  levee  (miles') 

State 

1975  flood 

1978  flood  1979  flood 

Minnesota 

16 

36  36 

North  Dakota 

0 

19  19 

As  the  maps  show,  the  levee  system  is  not  continuous  and,  in  places,  the 
levees  tie  into  high  ground  or  existing  township  roads.  The  data  on  levee 
lengths  do  not  include  those  sections  of  township  road  that  connect  with 
the  levees  and  function  as  part  of  the  levee  system.  For  the  1979  flood, 
approximately  3  miles  of  such  roads  were  on  the  Minnesota  side  and  10  miles 
were  on  the  North  Dakota  side. 

As  the  levees  were  lengthened,  their  heights  were  being  increased  in 
numerous  locations.  Accurate  data  on  levee  elevatioiB  in  1975  and  1978  are 
lacking.  Figure  5  represents  the  top  elevations  of  Minnesota  and  North  Dakota 
agricultural  levees  in  summer  1979.  This  profile,  as  well  as  the  alignment 
shown  in  figure  4,  should  be  a  reasonably  accurate  depiction  of  current  condi¬ 
tions.  Some  levee  raises  have  been  verbally  reported  on  the  Minnesota  side, 
as  well  as  some  levee  lowering  and  removal  on  the  North  Dakota  side.  However, 
these  changes  have  not  been  surveyed,  and  location  and  amount  of  modifications 
since  1979  remain  unspecified. 
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Figure  4 
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Figure  5  -  Top  elevations  of  levees  in  summer  1979 
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HYDRAULIC  EFFECTS  OF  EXISTING  LEVEES 


The  observed  high-water  profiles  for  the  1975,  1978,  and  1979  floods 
as  well  as  the  profile  for  the  1-percent  chance  flood  ('Hrtthout  levee” 
condition)  are  shown  in  figure  6.  Using  the  HEC-2  model,  we  have  also 
generated  profiles  representing  the  '‘without  levee”  condition  for  the  1975, 
1978,  and  1979  floods.  These  profiles  are  plotted  in  figures  7  (1975  flood), 

8  (1978  flood;,  and  9  (1979  flood). 

The  profiles  for  the  1979  flood  are  of  particular  importance  because  the 
measured  peak  flow  at  Oslo,  Minnesota,  coincides  with  the  discharge  of  the 
1-percent  chance  flood  (91,000  cfs).  The  observed  stage  at  Oslo  was  0.6  foot 
higher  than  it  would  have  been  for  the  same  flow  without  agricultural  levees. 
At  locations  downstream  of  Oslo,  the  stage  increase  is  nearly  2  feet.  In 
other  words,  for  a  flood  equal  to  the  1-percent  chance  flood,  the  agricul¬ 
tural  levees  increased  stages  significantly  over  the  one-half-foot  increase 
allowed  by  the  States*  criteria.  Therefore,  the  levee  system  as  a  whole  does 
not  meet  the  States*  criteria.  Figure  10  shows  the  rating  curve  at  Oslo 
for  "with  levee”  and  "without  levee”  conditions. 

The  HEC-2  model  indicates  that  the  agricultural  levees  Increase  flow 
velocities.  For  the  1-percent  chance  flood,  flow  velocities  in  the  overbank 
areas  for  both  conditions  (with  and  without  levees)  were  computed  to  average 
approximately  one-half  fps  (foot  per  second).  In  the  main  channel,  flow 
velocities  would  increase  significantly  in  areas  where  the  levees  constrict 
flow  near  the  channel.  This  condition  exists  at  the  Minnesota  Highway  317 
bridge  and  at  Oslo.  Channel  velocities  at  these  locations  change  from  3  to 
5  fps  without  levees  to  5  to  8  fps  with  levees.  Erosion  potential  increases 
in  these  areas  and  the  structural  integrity  of  the  bridges  and  levees  may 
be  degraded.  The  North  Dakota  State  Water  Commission  has  reported  increased 
erosion  of  the  North  Dakota  floodplain  downstream  of  Oslo.  Sediment  trans¬ 
port  rate  may  also  increase  for  the  "with  levee"  condition. 


HISTORIC  MHO  OHC-fCRCCNT  CHRNCC  FLOOD  UATCff  SURFRCt  RROFILCS 


Figure  6  -  Historic  water  surface  profiles  and  computed  1-percent  chance  flood  profile 
(1972  condition) 
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Figure  7  -  Water  surface  profiles,  1975 
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Rating  curve.  Red  River  of  the  North  at  Oslo,  Minnesota 


C.  ECONOMIC  EVALUATION  OF  FLOOD  DAMAGES 

1.  Determination  of  Damages 

In  June  1981,  a  massive  data  collection  effort  was  instituted  by 
the  U.S.  Array  Corps  of  Engineers  to  Inventory  every  mlt  (i.e.,  structure) 
in  the  100-year  floodplain  downstream  of  Grand  Forks.  Much  of  this  area 
had  been  inventoried  under  subbasin  studies  but  at  different  times,  repre¬ 
senting  different  development  conditions.  A  more  uniform  base  was  needed 
to  provide  the  best  possible  analysis  and  assess  the  impacts  of  various 
proposed  actions. 

a*  Residential  Damages ;  Urban  —  A  brief  evaluation  was  con¬ 
ducted  for  urban  areas  along  the  main  stem.  The  average  annual  existing 
condition  damages  are  shown  below.  A  detailed  hydraulic-economic  analysis 
was  not  done  for  these  urban  areas. 


Table  3  -  Average  annual  urban  flood  damages 

-  existing  conditions 

Location 

Amount 

Minnesota 

Noyes 

$10,000 

Robbin 

5,250 

St.  Vincent 

17,500 

Oslo 

57.260 

Total 

90,010 

North  Dakota 

Joliet te 

60 

Bowes  mont 

3,920 

Drayton 

8,130 

Pembina  and  South  Pembina 

173,000 

Total 

185,110 

Total  Minnesota  and  North  Dakota 

275,120 

b.  Residential  Damages?  Nonurban  -  The  areas  outside  the  major 
cities  were  divided  into  six  reaches  as  described  in  the  Technical  Notes  at 
the  beginning  of  the  report.  Each  reach  was  further  divided  by  State. 
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All  residential  units  were  inventoried  for  these  reaches.  The  inventory 
include?  each  structure's  market  value,  ground  elevation,  first-floor 
elevation,  height  of  ring  levee  if  present,  and  river  mile  reference.  A 
table  summarizing  some  of  this  information  follows. 


Table  4  -  Summary  of  inventorv  data 

Number 

Average 

Number  of 

Percent  of 

Reach 

of 

market 

units  with 

units  with 

residences 

value 

ring  levees 

rine  levees 

Minnesota 

i 

114 

$54,400 

0 

0 

2 

161 

35,700 

24 

14.9 

3 

87 

42,100 

7 

8.0 

4 

88 

37,400 

15 

17.0 

5 

65 

34,700 

11 

16.9 

6 

150 

33,100 

13 

8.7 

Subtotal 

665 

39,300 

70 

10.5 

North  Dakota 

1 

93 

36,600 

0 

0 

2 

112 

36,100 

12 

10.7 

3 

45 

36,600 

21 

46.7 

4 

53 

32,700 

17 

32.1 

5 

29 

33,100 

8 

27.6 

6 

101 

37,500 

12 

11.9 

Subtotal 

433 

36,000 

70 

16.1 

Total 

1,098 

38,000 

140 

12.8 

A  total 

of  1,098  residential 

nonurban  units  are  in  the 

study  area.  Ap- 

proximately  60 

percent  are  on  the  Minnesota  side 

of  the  river;  44  percent 

are  in  the  two 

reaches  immediately 

downstream  of 

Grand  Forks 

and  East  Grand 

Forks.  Approximately  13  percent  are  protected  by  individual  farm  levees. 


These  levees  range  in  height  from  0.5  to  8  feet;  the  majority  are  approxi¬ 
mately  3  feet  high. 
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c*  Agyj-cultural  Damages  -  Additional  information  was  collected 
for  each  farmstead  or  grain  storage  unit.  This  information  includes  size 
of  farmstead,  type  and  number  of  grain  storage  bins,  presence  or  absence 
of  machinery  sheds  and  the  approximate  elevation  of  significant  structures, 
Dsbailed  interviews  were  conducted  with  145  farmers  to  determine  what 
modifications  they  made  in  their  operations  because  of  flooding.  Their 
information  was  combined  with  information  provided  by  local  representatives 
of  the  U.S.  Department  of  Agriculture  to  give  crop  patterns,  yields,  and 
substitute  cropping  for  each  reach.  Table  5  shows  the  land  use  by  crop  and 
crop  yields  for  each  reach. 
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Farmland  damage  from  floods  is  of  two  types:  (1)  crop  damage  or  delay 
in  planting  and  (2)  other  agricultural  damages. 

(1)  Crop  Damage  -  A  flood  will  not  cause  most  farmers  to  change 
their  initial  cropping  plans  until  24  May.  Crops  planted  from  mid-  to  late  May 
will  have  reduced  yields.  In  some  years,  cropping  has  been  delayed  vmtil 
June.  Substitute  crops  planted  in  June  are  wheat,  buckwheat,  and  flax.  Rape- 
seed  is  used  occasionally.  The  yields  from  these  crops  will  also  be  reduced 
but  will  be  greater  than  yields  from  most  other  crops  in  a  short  growing 
season. 


Because  of  different  cropping  patterns  and  productivity,  each  reach  will 
have  different  crop  damages.  To  compare  reaches,  a  "typical"  dollar  damage 
figure  was  derived  for  each  reach.  This  typical  figure  takes  into  accoiait 
cropping  patterns,  productivity,  long-term  price  trends  (using  current  nor¬ 
malized  prices) ,  and  a  limited  pattern  of  historic  events.  These  values 
should  not  be  used  to  represent  any  particular  event.  They  illustrate  what 
the  average  damage  per  acre  would  be  expressed  in  constant  dollars  for  a 
long  record  of  events.  Table  6  shows  these  values. 


Table  6  -  Average  weif 
Reach 


ited  damage  per  acre  (based  on  limited  flood  history,), 
_ Damages'  (dollars  per  acre) _ 


Minnesota 

1 

2 

3 

4 

5 

6 


?58.45 

105.35 

72.27 

65.12 

64.17 

51.31 


North  Dakota 

1 

2 

3 

4 

5 

6 


56.90 

91.73 

80.61 

71.48 

65.93 

66.26 


(2)  Other  Agricultural  Damages  -  Damages  to  the  noncrop  and 
nonrf 'idential  portion  of  the  agricultural  sector  were  determined  from  in¬ 
formation  obtained  from  detailed  interviews  with  farmers.  Total  damages  to 
other  agricultural  operations  for  farms  without  ring  levees  were  $43.77 
per  flooded  acre.  Approximately  70  percent  of  these  damages  occurs  on 
farmsteads.  The  breakdown  of  damages  by  category  is  shown  in  table  7. 


Table  7  -  Other  agricultural  damage  categories 


Category 

Percent 

Loss  of  stored  grain  and  hay 

34 

Building  damage  excluding  residence 

23 

Leaching  of  fertilizer 

12 

Debris  cleanup 

7 

Soil  erosion 

/ 

Weed  infestation 

6 

Evacuation 

5 

Machinery  damage 

5 

Livestock  loss 

1 

100 

In  each  reach,  some  farmsteads  are  protected  by  ring  levees  to  various 
levels  of  protection.  The  exact  amount  of  reduction  in  damages  is  difficult 
to  determine  without  a  detailed  analysis  of  each  unit.  Although  it  would 
be  possible  to  conduct  such  an  analysis  with  available  information,  time 
constraints  are  prohibitive.  For  ease  of  calculation  and  analysis,  most 
ring  levees  are  assumed  to  protect  to  the  level  of  the  1978  flood.  Under 
this  assumption,  farmstead  damages  are  estimated  to  be  reduced  80  percent 
(residual  damages  would  be  20  percent)  .  Therefore,  damag,es  for  acres 
which  do  not  incur  farmstead  damages  are  $19.26  per  acre  (($43.77  x  0.30) 

+  ($43.77  X  (0.70  X  0.20))).  Other  agricultural  damages  for  each  reach 
are  shown  in  the  following  table. 
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Table  8  -  Other  agricultural  diunages  (average  annual »  existing  conditions) 
Acres  affected  by  floods 
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2.  Comparison  of  "Without  Levee*'  Condition  with  Existing  Condition 


The  following  assumptions  were  made  in  evaluating  damages: 

a.  All  existing  ring  levees  are  assumed  to  be  in  place  and  100  per¬ 
cent  effective  to  top  of  levee  and  100  percent  ineffective  after  they  are 
overtopped. 


b.  Roads  and  bridges  are  assumed  to  have  impacts  consistent  with 
their  historic  impacts. 

c.  Tlie  "without  levee"  condition  assumes  that  no  main  stem  agri¬ 
cultural  levees  are  in  place,  and  is  compared  to  the  computed  "with  levee"  profile. 

d.  The  existing  condition  asstimes  main  stem  levees  are  as  observed 
in  June  1981. 

Specific  assumptions  for  each  reach  are  shc’n  below, 
a.  Agricultural  areas 

(1)  Reach  2,  North  Dakota  -  Lowest  levee  height  is  'i06.1. 

Levees  would  be  ineffective  for  the  1975  flood. 

(2)  Reach  3,  North  Dakota  -  Lowest  levee  height  is  807.3. 

Levee  would  be  ineffective  for  the  1975  flood. 

(3)  Reach  2,  Minnesota  -  Levee  would  be  almost  100-percent 
effective  up  to  the  1978  flood  elevation.  Overtopping  for  floods  higher  than 
this  would  be  similar  to  observed  relationships. 

(4)  Reach  3,  Minnesota  -  Lowest  levee  height  is  810.4.  Levees 
would  be  effective  to  only  slightly  greater  than  the  1978  flood  level. 

(5)  Reach  4,  Minnesota  -  Lowest  levee  height  is  800.5.  Rejoins 
observed  curve  at  that  elevation. 
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b.  Residential  areas 


(1)  Reach  2,  North  Dakota  -  Levee  low  spot  is  at  806.1;  until 
then  it  is  100-percent  effective.  Effectiveness  gradually  decreases;  by  the 
1975  flood  level,  the  levee  has  no  effect. 

(2)  Reach  3,  North  Dakota  -  Levee  is  effective  at  elevation 
807.3.  This  elevation  is  below  the  zero  point  of  damage.  For  residential 
areas,  these  levees  are  not  effective. 

(3)  Reach  2,  Minnesota  -  Levees  are  assumed  lOO-percent 
effective  for  a  recurrence  of  the  1978  flood.  Flood  damages  from  a  1979 
level  are  expected  to  duplicate  damages  from  the  1979  flood  (flooded  units 
taken  from  aerial  photos).  Levees  are  assumed  ineffective  for  the  1979 
level  plxis  0.25  foot. 

(4)  Reach  3,  Minnesota  -  Same  assumptions  as  Reach  2. 

(5)  Reach  4,  Minnesota  -  Same  assumptions  as  Reach  2. 

Figures  11a  and  11b  show  the  maximum  area  flooded  in  Reaches  1  through 
4  for  the  1975  summer  flood.  High-water  data  were  not  available  for  the  area 
downstream  of  the  Highway  317/17  bridge  (Reaches  5  and  6).  Figures  12a 
through  12c  and  13a  through  13c  show  the  maximum  flooded  area  for  the  1978 
and  1979  spring  floods,  respectively.  The  flooded  area  outlines  for  these 
floods  are  based  on  aerial  photos  and  interviews  with  local  residents  con¬ 
ducted  in  summer  1981.  These  figures  are  generalized  flooded  area  outlines  - 
for  specific  sites,  exceptions  to  the  flooded  area  shown  could  occur,  and 
ground  elevation  at  the  site  would  have  to  be  compared  to  the  observed  or 
computed  water  surface  elevation.  The  "without  levee"  profiles  have  also 
been  used  to  generate  estimated  outlines  of  flooded  areas  for  the  "with¬ 
out  levee"  conditions.  By  comparing  the  two  sets  of  flooded  areas,  we 
can  determine  the  effects  of  the  agricultural  levees  on  flooded  area  for 
the  1975,  1978,  and  1979  floods.  Such  a  comparison  is  shown  in  table  9. 


Figure  11a  -  Maximum  area  flood©!  - 
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Table 

9  -  Comparison 

of  flooded  areas 

with  and  without 

agricultural  levees 

Year 

State 

Flooded 

Without  levees 

area  (acres) 

With  levees 

Net  benefit 
area  (acres) 

1975 

Minnesota 

44,010 

32,910 

11,100 

North  Dakota 

34,130 

38,420 

-4,290 

1978 

Minnesota 

55,960 

30,740 

25,220 

North  Dakota 

41,210 

47,360 

-6,150 

1979 

Minnesota 

76,050 

73,360 

2,690 

North  Dakota 

59,370 

65,160 

-5,790 

(1)  For  reaches  2  through  4  onlj'. 


Table  10  summarizes  the  estimated  damages  for  a  recurrence  of  historic 
floods.  All  damages  are  translated  to  October  1981  price  levels.  This 
table  can  be  used  to  compare  damages  for  specific  events;  for  example,  a 
recurrence  of  the  1978  flood  in  Reach  2.  In  Reach  2,  comparative  damages  can 
be  found  by  referring  to  the  damages  for  the  specific  categories  in  columns 
5  and  8: 

Category  Column  5  Column  8 _  Change 

Agricultural 

Minnesota  -  Reach  2  0  (acres) 17,080  (acres)  17,080  acres  benefited 

North  Dakota  - 

Reach  2  16,200  (acres)  16,130  (acres)  70  acres  induced 

_ _  damages 

Total  17,010  benefited 


Nonurban  residential 

Minnesota  -  Reach  2  0^^^ 

North  Dakota  - 
Reach  2  $403,000 

Total 


$191,000  $191,000  benefits 

248,000  155,000  induced  damages 

36,000  benefits 


The  Minnesota  damages  in  column  5  are  footnoted.  An  estimate  of  damage  for 
failure  of  these  levees  is  shown  in  the  footnotes  to  table  10. 


Similar  comparisons  for  all  reaches  can  be  made  using  colimins  5  and  8  ! 

I 

for  the  1978  flood  and  columns  6  and  9  for  the  1979  flood.  | 


Dollar  damages  are  not  provided  for  agricultural  lands  for  specific  events. 

A  more  detailed  analysis  of  1979  and  1980  actual  crop  expenditures  and  prices 

would  be  needed.  | 

I 

t 

I 

I 

I 
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Table  10  -  Estimated  damages  for  recurrences  of  historic  floods 


Existing 

condition  (with  levees) 

zero  dam 

1975  rStwmnPf) 

"Without 

levees"  condition 

Reach 

elevation 

1950  flood 

Observed 

Existing 

1978 

1979 

1975 

1978 

1979 

1 

2 

3 

4 

5 

6 

7 

8 

9 

AGRICULTURAL 

Acres'^^ 

Minnesota 

1 

808.8 

N/A 

570 

570 

°(3) 

°(3) 

5,010 

570 

2,370 

4,450 

2 

797.2 

N/A 

5,400 

0 

28,430 

12,030 

17,080 

33,660 

3 

797.2 

N/A 

5,060 

0 

15,220 

9,090 

12,830 

13,970 

4 

786.0 

N/A 

22,450 

0 

29,710 

22,890 

26,050 

28,420 

5 

785.5 

N/A 

0 

0 

19,790 

33,000 

0 

19,790 

33,040 

6 

785.5 

N/A 

0 

0 

33,600 

59.960 

0 

33.600 

59.960 

Subtotal 

33,480 

55,760 

171,330 

44,580 

111,720 

173,500 

North  Dakota 

1 

808.8 

N/A 

930 

930 

1,890 

3,780 

930 

1,890 

3,780 

2 

797.2 

N/A 

13,470 

16,200 

23,700 

13,220 

16,130 

23,260 

3 

797.2 

N/A 

13,140 

14,000 

18,070 

10,380 

11,350 

15,960 

4 

786.0 

N/A 

11,810 

17,160 

23,  390 

10,530 

■  13,730 

20,150 

5 

783.5 

N/A 

0 

0 

9,010 

15,250 

0 

9,000 

15,250 

6 

785.5 

N/A 

0 

0 

23,410 

66.210 

0 

23.410 

66.210 

Subtotal 

39,350 

81,670 

150,400 

35,060 

75,510 

144,610 

Total 

72,830 

137,430 

321,730 

79,640 

187,230 

318,110 

Damages 

SONURBAN  RESIDENTIAL 

(4) 

Minnesota 

1 

800.1 

$135,000 

$52,000 

$54,Mg^ 

C<5) 

^(5) 

$227.0^§) 

o(5) 

$465,000,,, 
291,000)^; 
315,000)®' 
753,000''  ' 

$54,000 

$132,000 

$388,000 

2 

3 

306.8 

804.0 

284,000 

872,000 

129,000 

509,000 

93,000 

443,000 

193,000 
593 ,000 

457,000 

924,000 

4 

795.6 

1,309,000 

500,600 

257,000 

401,000 

742,000 

5 

790.7 

563,000 

79,000 

79,000 

156,000 

397,000 

79,000 

156,000 

397,000 

6 

7SS.5 

801,000 

116*000 

116,000 

256,000 

7 So ,0o0 

116,000 

238,000 

786 ,O00 

‘Subtotal 

3,964,000 

1,387,600 

251,000 

641,000 

3,007,000 

1,044,000 

1,729,000 

3,694,000 

North  Dakota 

1 

819.7 

68,000 

3,000 

3,000 

7t',000 

32  3,000 

3,000 

73,000 

283,000 

2 

804.0 

352,000 

219,000 

171,000 

403,000 

758,000 

114,000 

248,000 

503,000 

3 

807.8 

207,000 

135,000 

147,000 

222,000 

348,000 

113,000 

167,000 

273,000 

4 

795.0 

420,000 

116,000 

122,000 

181,000 

326,000 

43,000 

92,000 

190,000 

5 

794.5 

98.000 

0 

A 

14,000 

70,000 

0 

14,000 

70,000 

6 

791.8 

335 .000 

2,000 

2,000 

18,000 

288.000 

2,000 

18,000 

288,000 

Subtotal 

1.480,000 

475,000 

445,000 

916,000 

2,113,000 

275,000 

612,000 

1,607,000 

Total 

5,444,000 

1,862,600 

696,000 

1,557,000 

5,120,000 

1,319,000 

2,341,000 

5,301,000 

(1)  The  hydraulic  raodel  provides  a  water  surface  profile  for  1975  flow  (existing  conditions)  that  is  slightly  lower  at 
a  nurnber  of  the  ungaged  points  than  Che  observed  1975  flow  profile*  While  this  difference  is  not  sigjiificant  in  terms  of 
the  hydraulic  model,  the  greater  sensitivity  of  the  c-conoraic  model  yields  lower  damages  for  the  lower  water  surface 


elevations. 


(2)  Method  of  estimating  acres  is  not  sensitive  to  small  changes  in  elevation* 

(3)  Agriculturil  levees  would  be  effective  for  1978  discharges  and  elevations.  Actual  area  flooded  in  1978, 
principally  from  tributary  flooding  behind  the  levees,  was  11,270  (Reach  2),  3,490  (Reacli  3),  and  15,980  (Reach  4). 

(4/  Includes  residences  on  farmsteads. 

(5)  Agricultural  levees  are  effective  for  the  1975  and  1978  flood  elevations.  If  the  levees  totally  failed,  damages 
under  existing  conditio:>s  for  1975  ajid  ]578  would  be: 


■> 


(6) 

3, 


Reach  2 

1975  flood  $107,000 

1978  flood  352,000 

Damages  sustained  by  units  with  totally  Ineffective  levees 
and  4,  respectively  (identified  from  aerial  photos). 


Reach  3 
$589,000 
1,031,000 
are  $684,000, 


Reach  4 
$364,000 
827,000 

$1,255,000  and 


$1,144,000 


for  Reaches 
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Table  11  simimarizes  the  differeaces  between  the  'Vithout  levee"  condition 
and  existing  conditions.  Damages  are  combined  with  the  frequency  analysis 
to  give  damages  on  an  average  annual  basis.  The  nimbers  in  parentheses  are 
disbenefits  or  induced  damages.  Footnote  2  explains  why  no  benefits  are  re¬ 
corded  in  North  Dakota  agricultural  Reaches  2  and  3.  Benefits  in  those 
reaches  would  probably  be  greater  if  the  Minnesota  levees  had  not  resulted 
in  higher  stages.  The  damage  per  acre  figure  in  table  11  represents  both 
crop  damage  and  other  agricultural  damage,  and  as  such  is  the  s»jm  of  the 
last  columns  of  tables  6  and  8. 


Table  11  -  Ck>ii?>arison  of  average  annual  damages  -  "without  levee"  vs. 


Damage 

Average  annual  damages 

per 

Without  levees 

Existing  conditions 

Benefits  of  levees 

Reach 

acre 

Acres. 

Damages 

Acres 

Damages 

Acres 

Dollars 

AGRICULTURAL 

Minnesota 

1 

$102.22 

290 

$29,644 

290 

$29,644 

6 

0 

2 

145.47 

4,380 

637,158 

580 

84,373 

3,800 

$552,786' 

3 

114.08 

3,340 

381,027 

200 

22,816 

3,140 

358,2]1 

4 

104. 72 

9,150 

958,188 

1,090 

114,145 

8,060 

844,0A3 

5 

103. 79 

4,580 

475,358 

4,580 

475,358 

a 

0 

6 

92.94 

7,500 

697,050 

7,500 

697,050 

0 

a 

Subtotal 

29,240 

3,178,425 

14,240 

1,423,386 

15,000 

1,755/, -040 

North  Dakota 

1 

100.67 

320 

32,214 

320(2) 
2,570g 
1,660*^  ■' 

32,214 

0 

0 

2 

3 

130. 82 
112.93 

4,520 

3,750 

591,306 

423,488 

336,20/ 

187,464 

1,950 

2,090 

255,099 

236,024 

4 

107.38 

4,070 

437,037 

4,300 

461,734 

0230) 

(24,697) 

5 

106.63 

2,450 

261,'244 

2,450 

261,244 

0 

0 

6 

106.06 

6,390 

677,723 

6,390 

677,723 

0 

0 

Subtotal 

21,500 

2,423,012 

17,690 

1,956,586 

3,810 

466,426 

Total 

50,740 

5,601,437 

31,930 

3,379,972 

18,810 

2,221,466 

NONURBAN  RESIDENTIAL 


Minnesota 


1 

21,100 

26,000 

(4,900) 

2 

22,100 

2 ,200 

19,900 

3 

97,900 

2,700 

95,200 

4 

69,500 

27^000 

42,500 

5 

50,700 

30,700 

0 

6 

54,300 

54,300 

0 

Subtotal 

295,600 

142,900 

152,700 

North  Dakota 

1 

12,700 

13,500 

(800) 

2 

34,100 

40,900 

(6,800) 

3 

17,300 

24,900 

(7,600) 

4 

15,800 

29,800 

(14,000) 

5 

2,900 

2,900 

0 

6 

10,700 

10,700 

.0 

Subtotal 

93,500 

122,700 

(29,200) 

Total 

389,100 

265,600 

123,500 

(1)  Numbers 

in  parentheses  are  negative 

or  induced  damages. 

(2)  Althou^  the  existing  condition  water  surface  profile  is  hi^er  than  the 
'"without  levee"  profile,  the  low  level  agricultural  levees  on  the  North  Dakota 
side  provide  substantial  benefits. 


40 


D.  HYDROLOGIC  EFFECTS  OF  EXISTING  AND  PROPOSED  AGRICULTURAL  LEVEES 


In  addition  to  the  obvious  increases  in  flood  stages,  one  of  the  principal 
concerns  about  the  agricultural  levees  is  the  potential  for  increased  flood 
flows  on  the  Red  River.  Agricultural  levees  encroach  into  the  floodplain, 
eliminating  some  of  the  normal  overbank  effective  flow  area.  Under  natural 
conditions  (without  levees),  the  floij  velocities  and  volumes  in  these  over¬ 
bank  areas  are  so  much  .less  than  those  in  the  main  channel  that  the  flood- 
waters  can  be  considered  to  be  effectively  in  storage.  Loss  of  part  or  all 
of  this  storage  area  caused  by  the  agricultural  levees  forces  more  water 
into  the  channel  area  between  the  levees,  increasing  flows,  velocities, 
and  stages  of  floods  (figure  14). 

This  concept  of  floodplain  storage  can  also  be  illustrated  by  a  simple 
analogy  -  consider  that  each  section  of  land  in  the  overbank  area  acts  as  a 
small  reservoir,  storing  a  quantity  of  floodwater.  Flood  flows  have  a 
tendency  to  increase  downstream  as  a  result  of  tributary  inflows  and  local 
runoff  and  a  tendency  to  decrease  downstream  as  a  result  of  channel  and 
floodplain  storage.  Under  natural  conditions,  these  factors  roughly  balance 
on  the  Red  River  of  the  North,  and  the  peak  discharges  at  Emerson,  Manitoba, 
are  typically  10  to  20  percent  greater  than  at  Grand  Forks.  Encroachment 
on  the  storage  area  reduces  or  eliminates  the  effect  of  these  small  "reser¬ 
voirs"  in  the  overbank  areas,  and  the  water  that  is  no  longer  in  storage 
contributes  to  increased  downstream  flows.  With  the  reduction  in  flood- 
plain  storage,  the  tendency  for  flow  to  increase  downstream  predominates, 
and  flows  at  Emerson  could  be  significantly  increases. 

To  determine  what  effect  a  loss  of  floodplain  storage  and  effective 
flow  area  has  on  flows,  the  Carps  undertook  a  sensitivity  analysis  using  the 
HEC-5  high-flow  computer  model.  The  following  two  encroachment  conditions 
were  analyzed; 

1.  Encroachments  that  limit  the  100-year  flood  to  a  0.5-foot  raise  as 
required  by  the  States’  criteria  (the  same  as  the  "100-year  levee"  setback 
and  floodway  alignment). 

2.  Encroachments  that  limit  flows  to  the  channel  area  (approximately 
the  same  alignment  followed  by  the  existing  levees). 
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These  two  conditions  were  compared  with  a  condition  of  no  encroachment 
or  "without  levee"  floodplain  condition.  Historical  flow  data  from  the  1948, 
1950,  1965,  1966,  1969,  1975,  and  1979  floods  were  used.  The  encroachments 
were  considered  to  be  continuous  from  Grand  Forks  to  Emerson,  with  no  encroach¬ 
ment  south  of  Grand  Forks  or  on  the  tributaries.  Flows  of  similar  magnitude 
such  as  the  1966  and  1969  floods  at  Oslo  can  cause  different  flow  increase 
percentages  as  a  result  of  variations  in  volumes  and  timings  of  tributary 
flows.  Thus,  a  large  range  of  flow  increases  is  possible  depending  on 
tributary  inflows.  Results  of  the  sensitivity  analysis  for  several  loca¬ 
tions  along  the  main  stem  are  presented  in  table  12. 


Table  12  -  Calculated  flotj  increases  (compared  to  no  levee  condition) 


Flow  increase  (in  percent) 

Condition 

1 

Condition  2 

Station 

Average 

Low 

.  High 

Average 

Low 

High  _ 

Oslo 

2 

0 

5 

6 

0 

13 

Mouth  of 
River 

the 

Forest 

2 

0 

3 

9 

1 

15 

Mouth  of 
River 

the 

Snake 

2 

0 

3 

11 

2 

18 

Mouth  of 
River 

the 

Park 

3 

0 

4 

14 

2 

25 

Drayton 

2 

0 

3 

1C 

3 

27 

Emerson 

2 

1 

3 

27 

17 

36 

Condition  1  shows  an  average  increase  of  2.3  percent  at  Emerson. 

Ihis  figure  is  less  than  the  accuracy  of  the  basic  flow  dat?  (±5  percent) 
from  the  gage  readings;  therefore,  if^is  very  likely  that  no  change  in  flow 
could  be  detected  if  the  States’  criteria  were  followed.  On  the  other  hand, 
condition  2  gives  a  good  example  of  the  additive  effects  as  flow  moves  down¬ 
stream.  It  also  shows  how  changes  upsti^am  can  create  problems  downstream. 
Becaiise  the  encroachments  are  as  close  to  the  river  channel  as  possible, 
the  change  in  flow  is  the  worst  that  could  be  seen.  The  potential  for  flow 
increases  at  Emerson  exceeds  30  percent  with  uncontrolled  levee  construction. 
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Finally,  as  a  part  of  this  analysis,  the  Impact  of  levees  with  the 
existing  levee  alignment  but  assuming  a  vertical  wall  of  infinite  height 
was  also  examined.  The  reach  of  existing  levees  is  short  enough  that  no 
significant  (i.e.,  greater  than  5-percent)  flow  increases  would  be  seen 
at  Emerson  because  adequate  floodplain  storage  is  regained  downstream 
of  the  levees-  Also,  the  complete  overtopping  of  the  North  Dakota  levees 
in  the  1978  and  1979  floods  and  the  partial  overtopping  of  the  Minnesota 
levees  in  1979  seemed  to  restore  some  of  the  lost  floodplain  storage 
during  those  two  floods.  A  similar  lack  of  significant  hydrologic  ef¬ 
fects  would  be  expected  for  any  proposed  modifications  as  long  as  they 
are  confined  to  the  reach  of  existing  levees - 

Details  related  to  development  of  the  HEC-5  high— flow  hydrologic 
model  can  be  found  in  the  "River  Model  Evaluation"  report  for  the  International 
Souris-Red  Engineering  Board,  September  1981. 

E.  PROPOSED  MODIFICATIONS  TO  EXISTING  ASRICULTURAL  LEVEES 

i 

When  the  criteria  were  signed  into  law  in  early  1980  by  the  States  of  ! 

! 

Minnesota  and  North  Dakota,  the  Governors  instructed  the  local  water  manage-  | 

ment  agencies  to  develop  a  corrective  plan  for  bringing  the  existing  agri¬ 
cultural  levees  into  substantial  compliance  with  the  criteria.  An  informal 
working  group  -  composed  of  representatives  of  the  Minnesota  Department  of 
Natural  Resources,  North  Dakota  State  Water  Conmission,  Middle  River-Snake 
River  Watershed  District,  Grand  Forks  County  Water  Management  Board,  and 
Walsh  County  Water  Management  Board  -  has  examined  a  large  number  of  alterna¬ 
tives  for  modifying  the  existing  levees.  The  Corps  has  provided  technical 
assistance  tc  this  working  group. 


1l>  Il'K  illl'cl'll 


Hie  following  section  discusses  all  alternatives  considered  by  the 
group.  The  profiles  of  the  various  cases  are  printed  on  traisparency  material 

V. 

to  facilltiate  comparison  with  each  other  and  with  the  profiles  of  the  existing 
lev6e  top  elevations  (figure  15)  and  the  historic  floods  (figure  16).  The 
various  alternatives  relate  either  to  a  specific  flow  (e.g. ,  35,000  cfs  or 
43,000  cfs)  or  to  the  high-water  profile  of  a  specific  flood  (e.g.,  1975  flood 
profile  plus  1  foot).  Because  the  levees  were  originally  constructed  to  protect 
against  the  1975  summer  flood,  which  had  a  peak  discharge  of  43,000  cfs  at 
Oslo,  this  flood  served  as  a  starting  point  for  many  of  the  alteniatives. 


Different  levee  alignments  were  also  evaluated  for  many  of  the 
alternatives.  The  four  levee  alignments  considered  are  described  below  in 
table  13. 


Table  13  -  Key  to  levee  alignments 


Alignment 

Minnesota  levees 

North  Dakota  levees 

A 

Existing  -  1979  conditions. 

Existing  -  1979  conditions. 

B 

Similar  to  Alignment  A,  but  with 
equal  setback  levees  in  those 
locations  that  have  levees  on 
only  one  side  of  the  river. 

Similar  to  Alignment  A,  but  with 
equal  setback  levees  in  those 
locations  that  have  levees  on 
only  one  side  of  the  river. 

C 

Similar  to  Alignment  B,  but  with 
some  straightening  of  the  levee 
alignment  ^diere  existing  levees 
closely  follow  the  meander  loops 
of  the  river. 

Similar  to  Alignment  B,  but  with 
some  straightening  of  the  levee 
alignment  where  existing  levees 
closely  follow  the  meander  loops 
of  the  river. 

D 

Alignment  C. 

Alignment  A. 

COMPUTED  UATCR  SURFACE  PROFILES 


Figure  15  Profile  of  exlutiiig  levee  top  elevntioiiM  and  water  surface  profiles  for  the  l-pcrcent 
chance  flood  and  1-percent  chance  flood  +  0.5  foot  (States'  criteria) 


HISTORIC  AMD  ONE-RERCENT  CHANCE  FLOOD  UATER  SURFACE  PROFILES 


igure  16  -  Profiles  of  historic  floods  and  the  1-percent  chance  flood  profile 


Alignment  B  involves  construction  of  approximately  5  1/2  miles  of  new 
levee  on  the  Minnesota  side  and  18  1/2  miles  of  new  levee  on  the  North  Dakota 
side.  Alignment  C  represents  both  removal  of  existing .levees  (22  1/2  miles 
of  Minnesota  levee  and  12  miles  of  North  Dakota  levee)  and  construction  of 
new  levees  (17  miles  on  the  Minnesota  side  and  9  1/2  miles  on  the  North 
Dakota  side).  Specific  details  of  this  alignment  are  not  Important.  The 
purpose  of  analyzing  Alignment  C  is  to  determine  whether  a  significant 
stage  reduction  can  be  achieved  by  a  modest  amount  of  realignment.  In  this 
example,  roughly  60  percent  of  the  existing  levees  are  realigned.  A  lesser 
or  greater  degree  of  realignment  could  ultimately  be  chosen  by  the  local  boards. 

For  all  of  the  cases  that  involve  overtopping  of  the  agricultural  levees, 
the  X3  option  of  the  HEC-2  model  was  tised.  This  option  assumes  no  effective 
flow  landward  of  and  below  the  top  elevation  of  the  levees.  Tne  assumption 
about  flow  inherent  in  the  X3  option  is  pictured  below  in  figure  17.  The 
X3  option  analysis  is  as  agreed  upon  by  the  States  and  local  agencies.  This 
method  is  considered  a  simplified  method  of  analysis;  more  detailed  analysis 
using  a  more  sophisticated  method  is  not  warranted. 


Diagram  of  X3  Option 


Overtopping  analysis  using  the  X3  option  is  consistent  with  the  States’ 
criteria,  which  specify  "total  encroachment"  on  both  sides  of  the  river.  In 
reality,  however,  these  overbank  areas  are  at  least  partially  effective  in 
conveying  flows  so  that  the  X3  option  results  in  approximate  computed  water 
surface  elevations.  The  observed  stage  in  an  actual  flood  that  overtopped 
the  levees  could  be  lower  than  the  stage  calculated  by  the  model  using 
the  X3  option.  While  the  X3  option  provides  a  conservative  evaluation  of 
levee  overtopping,  we  feel  that  its  use  is  justified  for  three  reasons: 
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1.  It  is  consistent  with  the  "total  encroachment"  assumption  in  the 
States’  criteria.  If  the  overbank  areas  landward  of  the  levees  were  assumed 
totally  effective  in  conveying  flood  flows,  or  at  least  partially  effective 
under  present  conditions,  it  could  become  necessary  to  regulate  changes 
Such  as  road  raises  in  these  areas  to  ensure  that  the  present  conveyance  is 
maintained.  Such  regulations  may  become  necessary  in  any  event. 

2.  With  the  exception  of  Case  0  (i.e.,  lowering  of  levees  along  the 
existing  alignment),  none  of  the  cases  examined  strictly  meet  the  States* 
criteria.  The  Minnesota  Department  of  Natural  Resources  and  North  Dakota  State 
Water  Commission  have  held  the  position  that  any  reasonable  compromise  plan 
f.greed  to  by  the  local  water  management  or;- i'jLzations  could  exceed  the  criteria 
by  a  modest  amount  (i.e.,  cause  an  increase  of  over  one-half  foot  in  the 
stage  of  the  1-percent  flood).  Therefore  a  precise  evaluation  of  the  effect 

of  overtopped  agricultural  levees  on  the  stage  of  the  1-percent  chance  flood 
becomes  less  critical. 

3.  The  X3  option  provides  a  valid  means  of  comparing  the  relative  impacts 
of  the  various  cases  on  the  1-percent  chance  flood. 

A  summary  table  (table  14)  describes  discharges  and  the  levee  conditions  repre¬ 
sented  by  Cases  0  through  41.  This  table  assumes  no  freeboard  on  the  levees. 
Corps  levee  criteria  normally  specify  2  feet  of  freeboard  for  agricultural 
levees  to  allow  for  factors  which  cannot  be  rationally  accounted  for  in  the 
design  computations.  These  factors  include  errors  in  profile  computations, 
dynamic  effects  and  short-period  discharge  fluctuations,  and  flow  retardance 
by  debris  and  ice. 
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Table  lA  -  Summary  table  lor  proposed  modifications 


The  "X3"  option  (assuming  no  effective  flow  landward  of  and  below  the  top  of  levee  elevation)  was  used  for  all  cases  that 
involve  levee  overtopping,  with  the  exception  of  Case  0.  Also,  no  levee  freeboard  is  assumed. 


Case  Discharge  Levee  Minnesota  North  Dakota 


The  "X3"  option  (assuming  no  effective  flow  landward  of  and  below  the  top  of  levee  elevation)  was  used  for  all  cases  that 
involve  levee  overtopping,  with  the  excef—ion  of  Case  0. 


Case  Discharge  Levee  Minnesota  North  Dakota 

Number  in  cfs  Alignment  Levee  Condition*  Levee  Condition* 


The  "X3"  option  (assuming  no  effective  flow  landward  of  and  below  the  top  of  levee  elevation)  was  used  for  all  cases  that 
involve  overtopping,  with  the  exception  of  Cast  0. 


The  "XS”  option  (assuming  no  effective  flow  landward  of  and  below  the  top  of  levee  elevation)  was  used  to: 
involve  levee  overtopping,  with  the  exception  of  Case  0. 


Case  0: 


The  first  modification  plan  evaluated  would  allow  the  levees  to  re¬ 
main  along  their  existing  alignments  but  would  lower  the  top  elevations 
to  conform  with  the  criteria.  Use  of  the  X3  option  vrfiich  assumes  no  ef¬ 
fective  flow  landward  of  and  below  the  top  elevation  of  the  levees  yields 
a  top  elevation  that  results  in  levees  of  negligible  height.  For  this 
particular  plan,  then,  flow  landward  of  and  below  the  top  of  the  levees 
is  significant  and  needs  to  be  considered  to  give  a  more  accurate  estimate 
of  allowable  levee  height.  Further  analysis  of  the  interaction  between 
channel  and  overbank  flows  indicates  that  substantial  "crossover"  flows 
take  place  between  the  channel  and  overbank  areas  once  the  levees  overtop. 
To  allow  these  flows  to  pass  over  levees  with  negligible  head  loss,  levee 
height  must  be  substantially  lower  than  the  maximum  water  surface,  which 
in  this  case  is  the  1-percent  chance  flood  plus  one-half  foot.  For  the 
condition  where  the  entire  floodplain  can  be  utilized  by  flood  flows  over¬ 
topping  the  levees,  the  top  of  levee  height  should  be  set  to  an  estimated 
elevation  of  1.6  feet  below  the  1-percent  chance  flood  profile.  For  levees 
that  are  well  maintained  and  have  mowed  tops,  this  elevation  could  be 
adjusted  to  an  estimated  level  of  1.3  feet  below  the  1-percent  chance  floe 

Within  the  limitations  of  a  one-dimtnsional  model  and  the  technical 
accuracy  associated  with  discharge  measurements,  frequency  curves,  and 
high-water  mark  elevations,  this  type  of  analysis  based  on  energy  calcula¬ 
tions  is  the  most  reasonable  evaluation  of  levee  overtopping  that  can  be 
made. 

Cases  1  to  4: 


These  four  cases  are  based  on  the  peak  flow  (43,000  cfs)  observed  at 
Oslo  during  the  1975  summer  flood.  Case  1  represents  the  profile  for  the 
without- levee  condition,  and  the  profiles  for  Cases  2,  3,  and  4  represent 
the  levee  top  elevations  necessary  to  contain  43,000  cfs  for  Alignments 
A,  B,  and  C,  respectively. 
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Cases  5  to  7: 


Using  the  X3  option,  these  cases  represent  the  profiles  for  a  1-pe^cent 
chance  flood  with  the  levees  built  to  contain  a  flow  of  43,000  cfs.  Case  5 
corresponds  to  Case  2  levees.  Case  6  to  Case  3  levees,  and  Case  7  to  -  4 

levees.  The  results  of  the  overtopping  analysis  used  for  Case  0  can  be  expected 
to  apply  here,  giving  a  maximum  x^ater  surface  approximately  3.6  feet  above 
the  top  of  levee  elevation. 

Cases  8  to  10; 

With  the  top  of  levee  elevation  set  equal  to  the  1975  summer  flood 
high-water  profiles,  the  maximttm  water  surface  was  set  to  the  same  level  as 
the  criteria  (i.e. ,  one-half  foot  above  the  level  of  the  1-percent  chance 
flood)  to  determine  the  flow  capacity  at  that  level.  For  Alignments  A,  B, 
and  C,  the  flows  yielding  a  water  surface  one-half  foot  above  the  1-percent 
chance  flood  profile  are  39,000,  32,500,  and  34,500  cfs,  respectively. 

Note  that  the  levees  are  overtopped  in  these  cases,  and  the  X3  option  is 
utilized. 

Cases  11  to  13; 

These  cases  represent  the  profiles  calculated  for  a  1-percent  chance 
flood  overtopping  levees  built  to  a  height  equal  to  the  high-water  profile 
of  the  1975  summer  flood.  As  before.  Alignments  A,  B,  and  C  are  xjsed  as 
is  the  X3  option. 

Cases  14  to  16: 

Again,  the  effect  of  a  1-percent  chance  flood  flow  is  evaluated,  but  for 
these  cases  the  top  of  levee  elevations  are  set  equal  to  the  level  of  the 
1975  summer  flood  plus  1  1/2  feet. 

Case  17: 

The  purpose  of  evaluating  this  case  was  to  determine  the  levee  height 
necessary  to  achieve  43,000-cfs  protection  on  the  Minnesota  side,  along  the 
existing  alignment  (alignment  A),  with  the  North  Dakota  agricultural  levees 
remaining  unchanged  from  existing  conditions. 
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Case  18: 


This  case  represents  an  attempt  to  determine  whether  the  Minnesota  , 

levees  could  be  adjusted  along  the  existing  alignment  to  meet  the  States'  criteria 
with  North  Dakota  levees  left  as  is.  The  presence  of  existing  North  Dakota 
levees  alone,  with  no  agricultural  levees  at  all  on  the  Minnesota  side,  raises 
the  stage  of  the  1-percent  chance  flood  2.3  feet  at  Oslo. 

Cases  19  to  21: 

These  three  cases  represent  the  water  surface  that  could  be  expected  with 
a  flow  of  43,000  cfs  if  the  levees  were  built  to  match  the  1975  high-water 
profile.  At  first  glance,  it  would  seem  that  levees  built  to  the  profile  of 
the  1975  summer  flood  should  contain  the  flow  of  the  1975  summer  flood,  but 
the  presence  of  the  agricultural  levees  raises  the  stage  significantly  for  that  flow 
and  the  levees  would  be  overtopped. 

Cases  22-23: 

Cases  22  and  23  are  multiple  profiles  for  discharges  from  30,000  cfs  to 
40,000  cfs,  in  2,000-cfs  intervals  for  Alignments  B  and  C,  respectively. 


Cases  24  to  26 : 

As  in  cases  8  to  10,  11  to  13,  and  19  to  21,  the  top  of  levee  elevation 
is  equal  to  the  high-water  profile  of  the  1975  summer  flood.  The  discharges 
shown  in  the  table  (27,000  cfs  for  Case  24,  26,000  cfs  for  Case  25,  and  26,500 
cfs  for  Case  24)  represent  the  maximum  flow  capacity  of  such  levee  systems 
built  along  Alignments  A,  B,  and  C,  respectively. 

Case  27: 

For  Alignment  A,  with  levees  on  both  sides  of  the  river  built  to  the 
level  of  the  1975  summer  flood  high  water  plus  1  foot,  the  maximum  capacity 
is  30,500  cfs  before  the  levees  overtop. 
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Case  28: 


This  case  includes  profiles  for  flows  from  30,000  cfs  to  50,000  cfs,  in 
2,000-cfs  increments,  for  Alignment  A  levees  on  both  sides  of  the  river.  These 
profiles  can  be  coiipared  with  Cases  22  and  23,  which  represent  Alignments  B 
and  C,  respectively. 

Case  29: 

This  profile  represents  the  top  elevation  of  a  Minnesota  levee  that  would 
provide  43,000-cfs  protection,  with  no  agricultural  levees  at  all  on  the  North 
Dakota  side. 

Cases  30  to  32: 

These  three  cases  represent  the  top  elevations  of  Minnesota  ievees  to 
contain  a  flow  of  35,000  cfs,  with  several  different  levee  conditions  on  the 
North  Dakota  side.  For  Case  30,  existing  North  Dakota  levees  remain  in  place 
and  are  overtopped  by  the  35,000-cfs  flow.  No  North  Dakota  levees  ar-e  assumed 
in  place  for  Case  31,  and,  for  Case  32,  North  Dakota  levees  would  be  built  to 
a  height  equal  to  the  Minnesota  levees  (i.e.,  to  contain  a  35,000-cfs  -low). 

Cases  33  and  34 


Cases  33  and  34  use  Alignment  D,  which  specifies  the  existing  alignment 
on  the  North  Dakota  side  and  a  modified  alignment  (Alignment  C)  for  the  Minne¬ 
sota  levees.  Case  33  is  the  top  elevation  profile  for  levees  on  both  sides 
of  the  river  that  would  contain  a  flow  of  43,000  cfs;  Case  34  is  the  levee  pro¬ 
file  for  35,000-cfs  protection. 

Cases  35  and  36 


These  two  cases  differ  from  Cases  33  and  34  in  that  the  North  Dakota 
agricultural  levees  are  left  as  is,  with  no  raising  or  extending  of  levees  on 
that  side  of  the  river.  As  before.  Alignment  D  is  used  for  flows  of  43,000  cfs 
and  35,000  cfs.  The  only  difference  between  Cases  30  and  36  is  the  alignment 
of  the  levees  on  the  Minnesota  side. 
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Ca.se  37: 


Case  37  is  a  profile  for  a  35,000-cfs  flow  with  no  agricultural  levees  on 
either  side  of  the  river.  This  profile  is  useful  for  comparison  with  the 
other  35,000-cfs  profile  to  determine  the  stage  increase  caused  by  the  levee 
plans. 

Cases  38  and  39: 

One  criticism  of  prior  runs  that  involve  overtopping  of  the  existing 
North  Dakota  levees  is  that  use  of  the  X3  option  yields  a  profile  that  is 
higher  than  would  realistically  occur.  In  cases  where  the  top  elevation  of 
the  Minnesota  levees  would  be  determined  on  the  basis  of  this  overtopping 
analysis  of  existing  North  Dakota  levees  (e.g. ,  Cases  17,  30,  35,  and  39), 
the  resulting  profile  could  be  higher  than  necessary.  In  other  words,  use 
of  the  X3  option  to  determine  an  appropriate  levee  top  elevation  for  43,000- 
cfs  protection  on  the  Minnesota  side  will  give  a  profile  slightly  too  high, 
resulting  in  a  greater  degree  of  protection  on  the  Minnesota  side  and  greater 
adverse  impacts  on  the  North  Dakota  side.  The  North  Dakota  representatives 
therefore  requested  that  we  use  a  more  realistic  analysis  of  overtopping  of 
existing  North  Dakota  levees.  One  method  of  achieving  a  profile  inter¬ 
mediate  between  a  "without  levee"  condition  and  an  "X3"  condition  for  all 
existing  levees  is  to  remove  all  North  Dakota  levees  in  the  model  but  leave 
the  roadways  that  function  as  levees  in  place  (using  X3  when  these  roads  overtop) 
At  various  locations  along  the  river,  particularly  on  the  North  Dakota  side, 
the  agricultural  levees  connect  with  sections  of  raised  township  roads.  These 
roads  act  as  levees,  and  are  recognized  as  such  by  the  HEC-2  model  wherever  a 
cross  section  intersects  one  of  these  raised  roads.  All  other  roads  were  left 
"as  is";  that  is,  they  were  included  in  the  model  calibration  parameters.  Cases 
38  and  29  represent  this  assumption  for  flows  of  43,000  cfs  and  35,000  cfs, 
respectively. 

Cases  40  and  41: 

The  working  group  decided  that  the  most  accurate  profiles  for  35,000-  and 
43,000-cfs  protection  levees  on  the  Minnesota  side,  with  existing  North  Dakota 
levees  left  as  is,  would  be  derived  by  use  of  engineering  judgment  based  aa 
prevloie  model  runs.  Therefore,  a  meeting  was  held  with  engineers  from  the 
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Minnesota  Department  of  Natural  Resources,  North  Dakota  State  Water  Commission, 
Middle  River-Snake  River  Watershed  District,  and  Corps  to  determine  the  most 
probable  water  surface  profiles  for  these  specific  conditions.  The  rationale 
for  doing  these  profiles  is  based  on  the  following: 

a.  Use  of  the  1975,  1978,  and  1979  flood  profiles  as  a  guide. 

b.  Evaluation  of  model-generated  profiles  for  35,000  cfs  and  43,000 
cfs  and  comparison  of  these  with  the  historic  profiles. 

c.  Weighting  of  the  historic  profile  somewhat  more  than  the  computed 
profiles  and  determination  of  "best  fit"  profiles  on  the  basis  of  discussion 
and  engineering  judgment. 

The  result  is  shown  as  Cases  40  and  41,  which  represent  the  top  elevations 
for  Minnesota  levees  providing  35,000-  and  43,000-cfs  protection,  respec¬ 
tively,  with  no  raise  or  extension  of  existing  North  Dakota  agricultural 
levees. 
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F.  ENVIRONMENTAL  EFFECTS  OF  EXISTING  LEVEES  AND  PROPOSED  MODIFICATIONS 

1.  Impacts  on  Fish,  Wildlife,  and  Vegetation 

a.  Exi:  *"’.nR  Condition.  -  The  woodlands  and  brushy  areas  along  the 
Red  River  are  a  valuable  resource  because  of  their  value  as  wildlife  habitat 
and  their  limited  distribution.  These  areas  provide  den  and  nesting  sites, 
winter  and  escape  cover,  and  winter  food  for  many  resident  and  migratory 
animal  species.  The  riparian  areas  also  furnish  a  travel  corridor  for  animals 
moving  north  and  south  along  the  Red  River.  Because  of  their  importance,  these 
areas  should  be  protected,  conserved,  and  enhanced  whenever  possible. 

Riparian  areas  have  been  encroached  upon  over  the  years  through  the  con¬ 
version  of  floodplain  areas  to  agricultural  uses.  The  development  of  agri¬ 
cultural  levees  has  resulted  in  several  direct  and  indirect  environmental  im¬ 
pacts.  Levees  have  protected  lands  that  may  have  previously  been  considered 
marginally  suitable  for  agriculture,  thereby  allowing  for  more  intensive  farming. 

/ 

Construction  of  the  present  levee  system  has  resulted  in  the  direct  loss 
of  t'rees  and  upland  areas  as  land  was  cleared  for  levees.  In  some  instances, 
wetland  and  wooded  areas  not  prone  to  flooding  after  levee  construction  were 
-converted  to  agricultural  uses. 

The  current  levee  system,  especially  in  those  areas  where  levees  flank 
both  sides  of  the  river,  can  decrease  the  cross-sectional  area  for  flow  and 
increase  flood  stages  and  velocities  between  the  levees.  Consequently,  stream- 
bank  erosion  and  channel  scour  may  be  somewhat  aggravated  in  these  areas  during 
floods.  Increased  velocities  may  also  increase  sediment  discharge.  Areas 
immediately  downstream  of  the  levees  may  experience  significantly  more  sediment 
deposition  during  floods  as  a  result  of  the  spreading  out  and  change  in 
velocities  of  floodwaters  than  they  received  before  levee  construction. 

b.  Proposed  Modifications.  -  Plan  A  involves  leaving  the  system  in 
its  present  alignment.  This  base  condition  serves  as  a  guideline  for  comparing 
the  impacts  of  other  altemacives. 
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Plan  B  involves  the  extension  of  levees  in  certain  areas  so  that  the  same 
degree  of  protection  is  afforded  to  both  sides  of  the  rivor.  The  construction 
of  approximately  24  miles  of  levee,  most  of  which  would  be  in  North  Dakota, 
would  have  several  temporary  impacts  associated  with  construction,  such  as 
increased  noise  and  air  pollution.  Turbidity  of  the  river  resulting  from 
erosion  at  the  construction  site  could  also  be  temporarily  increased. 

Depending  on  the  selected  levee  alignments,  some  floodplain  vegetation 
may  be  removed  during  construction.  In  addition,  streambirn’'.  erosion  may  be 
aggravated  during  floods  when  flows  are  increased  as  a  result  or.  the  decreased 
cross  section. 

Plan  C  involves  the  extension  of  the  levee  systems  to  provide  an  equal 
level  of  protection  on  both  sides  of  the  river  and  the  realignment  of  some 
levee  sections  so  that  some  of  the  oxbows  are  removed.  Impacts  of  the  levee 
extensions  would  be  similar  to  those  discussed  for  plan  B. 

Realignment  of  some  levee  sections  could  result  in  some  minor  adverse 
impacts  associated  with  construction,  such  as  temporary  noise  and  air  pollu¬ 
tion  and  erosion  at  the  construction  site.  However,  the  setback  of  some 
sections  of  the  levee  system  could  result  in  moderately  beneficial  impacts 
in  those  reaches  where  the  area  between  the  river  and  the  realigned  levee 
may  not  be  suitable  for  continued  agricultural  use  because  of  increased  sus¬ 
ceptibility  to  flooding.  As  a  result,  some  of  these  areas  may  be  allowed  to 
revert  to  floodplain  vegetation,  which  would  create  a  more  continuous  wooded 
corridor.  The  vali:»  of  these  riparian  areas  as  wildlife  habitat  would  be 
increased. 

A  more  acceptable  alternative  to  landowners  affected  by  any  proposed 
realignment  may  be  to  use  conservation  tillage  in  the  setback  areas  or  to  use 
these  areas  as  pastureland  or  for  hay  production.  Any  of  these  practices  would 
result  in  the  establishment  of  a  more  protective  ground  cover,  providing  cover 
for  wildlife  and  helping  reduce  erosion  at  the  site  and  sedimentation  at 
downstream  points. 
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Recreation 


See  Appendix  E. 

3.  Cultural  Resources 


a.  Existing  Conditions.  -  Currently,  13  known  prehistoric  archeo- 
lagical  sites  are  within  1  mile  of  the  Red  River  of  the  North  between  Grand 
Forks-East  Grand  Forks  and  the  international  border.  However,  on  the  oasis 
of  surveys  conducted  by  Dr.  Mike  Michlo^ic  (1981)  along  the  Red  Ri.ver  in 
Norman  County,  Minnesota  (south  of  the  present  study  area),  an  estimated 
800  to  1,000  archeological  sites  exist  within  one-quarter  mile  of  the  Red 
between  its  headwaters  and  the  international  border.  Unfortunately, 
extensive  surveys  have  not  been  conducted  in  the  study  area,  so  the  exact 
number  of  sites  is  unknown. 

Projecting  from  Michlovic's  survey,  it  can  be  expected  that  prehistoric 
archeological  sites  will  be  located  within  one-fourth  mile  of  the  main  chan¬ 
nel  of  the  river  and  within  each  oxbow,  although  sites  have  also  been  located 
along  other  rivers  and  streams  in  the  floodplain.  It  is  not  expected  that 
sites  will  be  located  more  than  one-fourth  mile  away  from  a  main  water  sourcf 
lywhere  in  the  floodplain  of  the  Red  River. 

The  general  type  of  archeological  sites  that  can  be  expected  to  be  loca¬ 
ted  through  systematic  surveys  in  the  study  area  are  Late  Woodland  habitatian 
sites  that  are  multicomponent  and  stratified.  The  majority  of  sites  located 
in  Norman  County  by  Michlovic  are  ceramic  bearing  and  contain  typical  Late 
Woodland  triangular  projectile  points.  However,  this  description  is  of  the 
most  common  site  type  expected  to  exist  in  the  study  area  and  other  sites, 
particularly  deeply  buried  Archaic  sites,  probably  also  exist. 

A  systematic  survey  of  historic  sites  has  also  not  been  completed.  The 
Minnesota  State  Historic  Preservation  Office  has  begun  a  historic  standing 
structure  survey  in  the  Red  River  Valley.  This  office  began  a  survey  of  Polk 
County,  Minnesota,  a  portion  of  which  is  part  of  the  current  study  area, 

during  1981.  Thus,  the  total  number  and  t5rpe  of  historic  sites  in  the  study 
area  are  tjnknown. 
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Numerous  historic  sites  are  likely  to  be  found  along  the  Red  River 
of  the  North  because  the  river  is  the  major  geographic  feature  in  the 
area  and  has  been  a  transportation  route  and  water  source  since  prehistoric 
times.  The  kind  of  historic  sites  expected  to  exist  include  those  associa¬ 
ted  with  the  protohistoric  and  historic  American  Indians,  the  fur  trade, 
early  immigration,  and  settlement  including  those  associated  with  the  Red 
River  oxcart  trails  and  bonanza  farming.  In  addition,  the  many  communities 
located  along  the  Rc-d  River  probably  also  contain  numerous  sites  of  not 
only  historic  but  architectural  significance  as  well. 

Three  main  destructive  forces  appear  to  be  affecting  archeological  and, 
to  a  certain  degree,  historic  sites  along  the  Red  River:  intensive  agriculture 
erosion,  and  flooding.  Probably  the  major  force  is  cultivation  which  dis¬ 
places  cultural  material  and,  depending  on  the  depth  of  plowing,  can  completely 
destroy  the  entire  cultural  context  of  a  .-ite.  Although  flooding  and  the 
stibsequent  buildup  of  deposition  buries  sites  and  renders  them  inaccessible  for 
study,  it  also  in  many  cases  buries  them  beyond  the  reach  of  the  plow,  thus 
protecting  them  to  a  certain  degree.  Sites  are  also  being  destroyed  by  ero¬ 
sion  and  bank  slumping.  Because  of  their  location  within  the  oxbows,  they  are 
continuously  cut  by  the  meander  of  the  river. 
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b*  Proposed  Modifications  -  All  of  the  proposed  plans  will 
affect  cultural  resources  along  the  Red  River  of  the  North  to  varying  degrees. 

Plan  A  would  have  the  least  severe  impacts  on  cultural  resources  because  the 
major  impacts  associated  with  this  plan  occurred  during  the  original  con¬ 
struction,  particularly  if  the  levees  were  constructed  from  level  scrapings. 

If  sites  do  exist  within  one-fourth  mile  of  the  river,  the  present  location 
of  these  levees  probably  has  already  turbed  those  sites  located  along  its 
route.  Thus,  no  additional  impacts  c;  be  expected  from  implementation  of 
this  plan. 

The  impacts  to  cultural  resources  associated  with  Plans  B  and  C  are  very 
similar.  Both  plans  involve  the  construction  of  levees  within  one-fourth 
mile  of  the  river.  This  area  has  the  highest  potential  for  the  existence 
of  archeological  resources  along  the  Red  River.  Plan  C  ooul'’  affect 

sites  located  between  the  levee  and  the  river  that  would  be  discarbed  by 
additional  flood  deposition,  although  the  possibility  of  reduced  cultivation 
in  these  areas  could  have  a  positive  effect  on  archeological  sites.  Historic 
standing  structure  resources  would  probably  not  be  affected  by  either  of 
these  plans  because  it  is  not  anticipated  that  any  structures  would  be 
altered  or  removed  by  implementation  of  any  of  these  plans. 

The  fill  sources  for  construction  of  the  levees  in  Plans  B  and  C 
could  also  affect  cultural  resources.  These  impacts  could  result  from 
either  the  level  scraping  of  fields  for  material  or  excavation  of  borrow 
pits  for  fill. 

All  probable  impacts  are  based  on  limited  information.  Cultural  re¬ 
source  surveys  have  not  been  conducted  in  the  area,  and,  until  the  exact 
number,  type,  and  location  of  sites  are  known,  a  detailed  determination  of 
the  impacts  on  cultural  resources  is  not  possible. 
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CURRENT  STATUS  OF  MODIFICATION  PLANS 


As  of  August  1981,  the  attempt  to  develop  a  compromise  corrective  plan 
for  the  existing  levees  at  the  local  level  has  not  been  successful.  A  joint 
meeting  between  the  Middle  River-Snake  River  Watershed  District  and  the  Grand 
Forks  and  Walsh  County  Water  Management  Boards  was  held  April  1981.  The 
local  agencies  presented  their  formal  positions  on  a  corrective  plan.  These 
positions  are  summarized  briefly  below. 

Middle  Rivei>Snake  River  Watershed  District  Proposal; 

-  Both  sides  should  be  allowed  to  build  levees  providing  43,000-cfs 
protection. 

-  Some  realignment  of  levees  on  both  sides  of  the  river  should  be  done 
similar  to  Alignment  C. 

-  All  structures  within  the  levee  system  should  be  brought  into  general 
conformance  with  the  intent  of  the  levee  system. 

-  Case  4  should  in  theory  represent  this  proposal,  but  the  Case  4  pro¬ 
file  is  too  low  at  the  north  end  and  too  high  near  Oslo.  The  1978 
high-water  profiles  with  some  minor  modifications  may  more  accurately 
reflect  this  proposal.  (Note  that  Case  41,  while  being  the  best  esti¬ 
mate  for  43,000-cfs  protection  on  the  Minnesota  side,  does  not  assume 
equal  protection  on  both  sides  of  the  river.) 

Grand  F./rks  and  Walsh  County  Water  Management  Boards  Proposal: 

-  The  level  of  protection  provided  by  the  existing  levees  shall  not  ex¬ 
ceed  35,000  cfs,  allowing  the  top  of  levee  elevation  to  be  at  or 
near  the  observed  summer  1975  flood  profile. 

-  The  North  Dakota  levee  system  will  not  be  substantially  raised  or 
extended. 

-  Levee  realignment  will  be  considered  where  hydraulically  appropriate. 

-  The  two  county  boards  expressed  willingness  to  compromise  to  39,000- 
cfs  protection. 

The  principal  differences  between  the  two  proposals  are  the  level  of  protection 
and  the  status  of  any  future  modifications  to  the  North  Dakota  levees.  At  the 
meeting,  all  three  boards  concluded  that  a  corrective  plan  acceptable  to  local 
landowners  on  both  sides  of  the  river  could  not  be  agreed  iipon.  The  consensus 
at  the  meeting  was  that  a  compromise  was  not  possible  at  the  local  level  and 
that  a  corrective  plan  may  have  to  be  determined  by  the  courts.  The  problem 
has  been  referred  to  the  State  level  for  resolution. 
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In  October  1981,  the  States  held  a  meeting  to  discuss  the  problem. 

In  Appendix  F  (Correspondence)  are  included  two  letters  between  the  Minne¬ 
sota  Department  of  Natural  Resources  and  North  Dakota  State  Water  Commis¬ 
sion  that  outline  these  agencies'  positions  on  the  agricultural  levees. 

No  agreement  was  reached  at  this  meeting.  Litigation  was  initiated  in 

I  ^ 

June  1982. 

H.  HYDRAULIC  EFFECTS  OF  OTHER  STRUCTURES  IN  THE  FLOODPLAIN 

While  the  local  water  management  agencies  have  been  examining  the 
effects  of  the  agricultural  levees,  they  have  pointed  out  that  other  struc¬ 
tures  in  the  floodplain  have  the  potential  to  increase  floods.  The  approach 
road  embankments  for  the  railroad  and  highway  bridges  at  Oslo  were  singled 
out  as  causing  significant  problems.  Therefore,  we  have  analyzed  the  hy¬ 
draulic  effects  of  these  structures  for  the  1-percent  chance  flood  without 
agricultural  levees  condition.  The  following  analysis  is  accurate  only  for 
the  1-percent  chance  flood;  different  stage  increases  may  occur  for  different 
frequency  floods. 

1.  Bridges  and  Approach  Roads 

In  general,  the  bridges  have  been  raised  above  the  level  of  the 
1-percent  chance  flood  and  do  not  significantly  affect  flood  stages.  The 
approach  roads,  however,  are  typically  on  top  of  raised  embankments  and 
block  flows  in  the  overbank  areas.  The  stage  increases  at  each  bridge  over 
the  Red  River  are  discussed  below.  Table  15  summarizes  data  on  the  bridges. 
Profiles  of  the  approach  roads  were  obtained  from  the  IfLnnesota  Department 
of  Transportation,  North  Dakota  State  Higiiway  Department,  and  separate  sur¬ 
veys.  The  analysis  below  considers  removal  of  the  scrucLute  and  all 

w-ections  of  the  approach  above  the  level  of  the  1-percent  chance  flood. 

a.  Soo  Line  Railroad  Bridge  at  Oslo  (RM  271.24)  -  This  bridge 

raises  the  stage  at  Oslo  0.5  foot  for  he  1-percent  chance  flood  under  the 
assumption  that  the  Federal  project  and  existing  highway  bridge  are  in  place. 
At  a  distance  7  river  miles  upstream  of  the  bridge,  a  stage  increase  of  0.1 
foot  or  less  was  computed.  y- 

b.  Minnesota  Highway  1/North  Dakota  Highway  54  Bridge  at  Oslo 
(RM  271.20)  -  For  the  1-percent  chance  flood,  the  highway  bridge  at  Oslo 
raises  the  water  surface  elevation  0.15  foot  compared  to  a  no-bridge  condi¬ 
tion.  At  a  distance  of  8  river  miles  up;  :ream,  less  than  a  0.1-foot  stage 
increase  is  seen.  The  existing  railroad  bridge  and  Federal  flood  protection 
works  are  assumed  in  place  for  both  the  with  and  without  bridge  conditions. 
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If  the  highway  and  railroad  -bridges  were  remo-ved  (with  the  Federal  project  in 
place) ,  the  stage  at  the  upstream  side  of  the  railroad  bridge  could  be  lowered 
0.76  foot  for  the  1-percent  chance  flood  compared  with  existing  conditions 
without  the  agricultural  levees.  At  a  distance  of  approximately  8.5  river 
miles  upstream,  less  than  a  0.1-foot  difference  was  computed. 

c.  Minnesota  Highway  317/North  Dakota  Highway  17  Bridge  (BM  236,07)  - 

Tue  Highway  317  bridge,  east  of  Grafton,  North  Dakota,  is  the  downstream  limit 

of  the  agricultural  levees.  The  North  Dakota  highway  approach  to  the  bridge 
has  an  average  top  of  road  elevation  of  804.2  feet.  The  1-percent  chance 
flood  elevation  at  the  bridge  is  800.73.  All  of  the  floodwaters  are  passed 
through  the  bridge  and  across  Minnesota  Highway  317  to  the  east.  Removing 
the  existing  bridge  and  approaches  would  lower  the  1-percent  chance  flood  pro¬ 
file  at  this  location  0.1  foot. 

A  comparison  of  discharge-measurement  notes  taken  during  the  1979  flood 
and  May  1978  bridge  sketches  indicates  that,  on  the  average,  the  channel  bottom 
can  change  2  to  3  feet  under  the  bridge.  This  change  is  caused  by  scour  during 
the  flood  and  aggradation  during  normal  and  low  flows.  The  channel  bottom 
profile  measured  during  the  flood  peak  was  2  to  3  feet  lower  than  that  shown 
on  the  surveyed  cross  sections.  A  similar  condition  was  noted  at  the  Minnesota 
Highway  1  bridge  at  Oslo. 

d.  Minnesota  Highway  ll/Mcrth  Dakota  Highway  66  Bridge  at  Drayton, 

North  Dakota  (RM  206. 70)  -  For  the  1-percent  chance  flood,  the  existing  bridge 

and  approaches  raise  the  water  surface  elevation  a  computed  0.05  foot  compared  with 
a  no-bridge  condition.  This  relatively  small  effect  is,  in  large  part,  due  to 

the  conveyance  provided  by  the  North  Dakota  overbank  and  a  clearance  of  1,6  feet 
between  raidspan  low  steel  and  the  1-percent  chance  flood  profile. 

Tl-'-  North  Dakota  Highway  Department  has  proposed  a  6-foot  raise  of  the 
North  Dakota  approach.  This  raise  would  increase  the  stage  of  the  1-percent  chance 
flood  0.3  foot.  Channel  -velocities  througih  the  bridge  would  increase  from  3  to 
4.5  ^s.  The  proposed  road  raise  completely  blocks  the  o-verbank  on  the  North 
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Dakota  side.  For  existing  or  proposed  conditions,  no  overflow  occurs  on 
the  Minnesota  side  of  the  bridge  because  the  approach  and  road  profile  is 
between  1  and  5  feet  above  the  1-percent  chance  flood  elevations.  The  back¬ 
water  effect  from  the  road  raise  was  computed  to  extend  8.5  river  miles 
upstream  of  the  Highway  66  bridge  where  the  difference  was  less  than  0.1 
foot. 


e.  Minnesota  Highway  175/Morth  Dakota  Highway  5  Bridge  (BM  179.55) 
This  bridge  has  no  significant  impact  on  flood  stages.  With  the  bridge  in 
place,  a  0.01-“ foot  stage  increase  was  computed  compared  with  a  no-bridge 
condition  for  the  1-percent  chance  flood.  The  bridge  is  perched  and  has 

low  approaches  which  allow  floodwaters  to  be  carried  in  the  overbanks. 

f.  Minnesota  Highway  171/North  Dakota  Highway  59  Bridge  at  St. 

Vincent,  Minnesota  (RM  158.11)  -  For  the  1-percent  chance  flood,  the  Highway 

171  bridge  at  Pembina,  North  Dakota,  has  a  computed  stage  increase  of  0.05 
foot  compared  with  a  no-bridge  condition.  At  a  distance  of  5,6  river  miles 
upstream,  the  difference  is  0.01  foot  or  less, 

g.  Bridges  at  Emerson  (RM  154.73,  154.59)  -  The  highway  and  rail¬ 

road  bridges  at  Emerson  increase  the  stage  of  the  1-percent  chance  flood  0.4 
foot  at  Emerson  compared  to  a  no-bridge  condition.  At  the  international 
border,  the  increased  caused  by  the  bridges  was  computed  to  be  0.35  foot. 

At  Pembina-St.  Vincent,  the  stage  increase  was  computed  to  be  0.3  foot. 
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BRIDGE  DATA  INUENTORV 


TABLE  15 


BRIDGE 

LOCATION 

RIUER 

MILE 

CROSS  NET 

SECTION  UATERUAV 
NUMBER  OPENING 

THALUEG 

ELEU 

LOU 

CHORD 

EUU 

LENGTH 

IN 

FEET 

PIERS 

OTV  UIDTH 
IN  FT 

CANADIAN  NAT'L 

RR  BR  AT  ENERSON 

154.59 

.2 

15226 

736.5 

796.6 

566 

2  6  16 

1  6  36 

PROUINCIAL  HUY 

75  AT  ENERSON 

154.73 

.5 

18886 

746.5 

786.2 

746 

2  6  6 

7  6  3 

niNN  HUY  171  BR 

AT  PErtBlNA 

158.11 

4.1 

24776 

736.6 

791.7 

768 

2  6  8 

ND  S-riN  175  HUY  179.55 
BR  WEST  OF  HALLOCX 

1316 

38176 

741.3 

866.1 

1316 

3  6  5 

14  6  3 

ND  HUY  66  BR 

AT  DRAYTON,  ND 

266.76 

2916 

29186 

754.7 

862.1 

1656 

2  6  6 

6  6  3 

UN  HUY  317  BR 

EAST  OF  GRAFTON 

236.67 

4316 

11596 

75916 

866.8 

416 

1  6  5.2 

MINN  HUY  1  BR 

AT  OSLO,  niNN 

271.26 

5816 

26286 

762.6 

815.4 

796 

3  6  6 

4  6  3 

SOO  LINE  RR  BR 

AT  OSLO,  rSlNN 

271.24 

5916 

13486 

768.4 

815.3 

586 

1  6  29.2 

1  6  12.7 
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Tito  large  drainage  ditdies  enter  the  Red  River  south  of  Oslo;  Minnesota 
Judicial  Ditch  1  at  river  mile  276  and  Minnesota  Judicial  Ditch  75  at  river 
mile  282.  Local  interests  have  suggested  that  the  substantial  spoil  banks 
on  the  east-west  ditches  obstruct  flood  flows,  increasing  flood  stages  on 
the  upstream  side  of  the  ditches. 

a.  liinnesota  Judicial  Ditch  1  has  a  relatively  small  impact  on 
water  surface  profiles.  The  computed  stage  for  the  1-percent  chance  flood 
is  reduced  0.05  foot  if  the  spoil  bank  is  removed.  The  downstream 

side  of  the  spoil  bank  is  affected  by  backwater  stages  at  Oslo  and  has  less 
than  one-half  foot  clearance  above  the  1-percent  chance  flood  profile. 

b,  Minnesota  Judicial  Ditch  75  has  some  impact  on  the  1-percent 
chance  flood  profile.  If  the  spoil  bank  were  removed,  stage  reduction  is 
computed  to  be  0.18  foot.  At  a  distance  approximately  3.5  river  miles 
upstream,  less  than  a  0.1-foot  stage  reduction  is  realized.  Aerial  photos 
of  the  1969,  1975,  1978,  and  1979  floods  illustrate  how  this  spoil  bank 
blocks  floodwaters  in  the  Minnesota  overbank  area.  The  spoil  bank  acts 

as  a  levee  and  prevents  overbank  flows.  Water  ponds  upstream  of  the  levee 
for  a  distance  of  2  to  3  miles  and  east  of  the  Red  River  a  distance  of 
2  to  3  miles.  Tnis  spoil  bank  does  not  affect  stages  at  Grand  Forks  because 
the  computed  stage  increase  is  only  0.01  foot. 


Federal  Flood  Control  Project  at  Oslo 


Analysis  of  the  Oslo  levee  was  convicted  for  several  different  conditions 
for  the  1-percent  chance  flood: 


a.  For  the  existing  highway  and  railroad  bridges  in  place  and  no 
agricultural  levee,  the  stage  increase  caused  by  the  Federal  project  was  com¬ 
puted  to  be  0.06  foot  at  the  gage  site  and  0.22  foot  at  the  iq)stream  side  of 
the  railroad  bridge. 
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b.  If  the  Federal  project  and  the  Soo  Line  Railroad  bridge  were 


removed,  the  stage  would  be  reduced  0.58  foot  at  the  upstream  side  of  the 
bridge. 

c.  If  the  Federal  project,  IfLnnesota  Highway  1  bridge,  and  the 
Soo  Line  Railroad  bridge  were  removed,  the  stage  would  be  reduced  0.77  fooc. 

d.  Computations  were  made  assuming  no  bridges  at  Oslo.  With 
this  assumption,  profiles  were  computed  for  both  vrith  and  without  the  Federal 
project.  Slight  stage  increases  were  computed  at  Oslo,  ranging  between  0.01 
and  0.09  foot.  These  results  agree  with  hand  computations  done  in  1968  for  the 
Pembina  and  Oslo  projects  to  determine  the  effects  of  ring  levees  in  a  broad 
floodplain. 
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II.  FEASIBILITY  MALYSIS  OF  ALTEENATIVES 


A.  BACKGROUND 

The  Red  River  Main  Stem  Study  began  in  1977  as  an  interim  feasibility 
investigation  under  the  various  authorities  directing  the  Corps  to  pursue 
water  resource  investigations  of  the  Red  River  of  the  North  and  its  tribu¬ 
taries.  The  purpose  of  this  study  was  to  examine  alternatives  that  could 
alleviate  flooding  on  the  Red  River  main  stem,  w’ith  special  emphasis  on 
agricultural  levees.  Stage  1  of  the  study  was  completed  in  1978.  It  identi¬ 
fied  the  problems  and  needs  of  the  main  stem  study  area  (essentially  the 
regional  floodplain)  and  laid  out  a  plan  for  further  studies.  During  Stage  2, 
a  broad  range  of  alternatives  that  could  reduce  main  stem  flooding  were  con¬ 
sidered,  including  many  alternatives  outside  of  the  main  stem  study  area. 

These  alternatives  were  screened  by  a  group  of  Federal  and  State  water  re¬ 
source  experts  for  their  potential  effectiveness  in  reducing  main  stem 
flooding.  Subsequent  evaluation  of  the  screened  alternatives  led  to  the 
following  conclusions: 

-  The  alternatives  outside  the  main  stem  study  area,  although  they 
had  the  potential  to  reduce  main  stem  flooding,  were  not  appropriate 
given  the  main  stem  study  funding  limits.  These  alternatives 
would  be  considered  under  the  preliminary  basinwide  review  study 

in  1980  (subsequently  conroleted  under  contract  with  the  Gulf  South 
Research  Institute). 

-  The  alternatives  recomnsended  for  continued  study  on  the  main  stem 
were  agricultiiral  levees;  bridge,  roadway,  and  drain  modifications; 
channel  modifications;  and  diversions. 


Because  local  interest  was  strong,  the  alternative  of  ring  levees 
around  individual  farmsteads  should  be  added. 

The  evaluation  of  all  roads  and  drains  within  the  study  arta  was  beyond 
the  scope  and  funding  of  the  study.  Iherefois,  cmly  modificaticms  to 
the  bridges  over  the  Red  River  and  their  associated  approach  roads 
would  be  cffiisidered. 
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Stage  2  was  completed  in  October  1979.  At  this  point,  the  St.  Paul 
District  recommended  that  the  study  be  converted  to  an  engineering  informa¬ 
tion  study,  stressing  the  hydrologic  and  hydraulic  data  and  analyses  needed 
by  the  States  and  local  interests  to  resolve  ihe  problem  of  the  existing 
agricultural  levees.  This  recommendation  was  supported  by  the  States  of 
Minnesota  and  North  Dakota  and  was  approved  by  the  North  Control  Division 
of  the  Corps  of  Engineers  in  January  1980.  Studies  since  then  have  concen¬ 
trated  on  the  effects  of  the  existing  agricultural  levees  and  proposed 
modifications  to  those  levees.  Analysis  with  the  HEC-.  and  HEC-5  computer 
models  has  been  limited  to  the  Grand  Forks  to  Canadian  border  reach.  The 
HEC-2  water  surface  profile  model  is  operational  only  for  this  reach; 
calibration  of  the  reach  upstream  of  Grand  Forks  has  been  delayed  in  favor 
of  extensive  analysis  of  the  levees  in  the  Grand  Forks  to  border  reach. 


B.  FIVE  ALTERNATIVES  CARRIED  FROM  STAGE  2 

While  the  principal  recommendation  of  the  Stage  2  report  was  to  convert 
to  an  engineering  information  effort  with  emphasis  on  the  existing  agricul- 
cural  levees,  the  report  also  identified  five  alternatives  on  the  main  stem  that 
might  be  effective.  These  five  alternatives  are  agricultural  levees,  bridge/ 
approacli  road  modifications,  channel  modifications,  diversion  channels,  and 
farmstead  ring  levees.  They  are  discussed  below. 


1.  Agricultural  Levees 

Because  the  existing  levee  system  is  partially  successful,  particularly 
in  more  frequent  floods,  thqre  has  been  interes*"  in  the  potential  for  agricul¬ 
tural  levee  construction  in  the  rest  of  the  Grand  Forks  to  international  border 
reach.  Any  new  levee  system  would  have  to  comply  with  the  States’  criteria. 

A  preliminary  cost  estimate  for  agricultural  levees  that  would  provide  100-year 
protection  and  meet  the  criteria  was  made  as  part  of  the  main  stem  subbasin 
report  of  the  Red  River  of  the  North  Preliminary  Basin-Wide  Review  Study 
(St.  Paul  District/Gulf  South  Research  Institute,  1980).  The  estimated  benefit^ 
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cost  ratio  for  this  levee  system  was  0.67,  indicating  that  this  alternative 

was  not  feasible  by  Corps  standards.  That  still  leaves  two  questions 
unanswered: 


a.  Would  agricultural  levees  be  feasible  if  constructed  to  local 
rather  than  Corps  standards  and  using  local  costs  for  construction? 

b.  Would  levees  providing  a  lesser  degree  of  protection  and  comply¬ 
ing  with  the  criteria  be  more  feasible  than  levees  providing  100-year 
protection? 

This  report  will  address  those  two  questions  in  greater  detail. 


2 •  Bridge/ Approach  Road  Modifications 

As  stated  in  section  I.F.  of  this  report,  the  bridge  structures  are 
generally  aVove  the  level  of  the  1-percent  chance  flood  and  do  not  signi¬ 
ficantly  affect  flood  stages  for  the  1-percent  chance  flood.  The  bridges 
may  have  a  greater  impact  on  flood  stages  if  future  improvements  of  the  I 

approach  roads  were  to  prevent  or  reduce  over-the-road  flows.  The  approach 
road  embankments  do  affect  flood  stages,  but  the  maximum  increase  in  the 
stage  of  the  1-percent  chance  flood  is  0.5  foot  (immediately  upstream  of 
the  Soo  Line  Railroad  bridge  at  Oslo).  In  other  words,  this  bridge/ approach 
road  complies  with  the  States’  criteria.  For  all  of  the  other  bridge/approach 
combinations,  the  stage  increase  is  less  than  0.5  foot,  and  the  stage  in¬ 
creases  dissipate  upstream  rather  rapidly.  While  we  have  not  done  detailed 
cost  and  benefit  calculations  for  modifying  the  approach  roads,  in  our  best 
judgment,  the  costs  for  modifying  these  embankments  to  pass  flood  flows  and 
still  maintain  traffic  use  are  likely  to  exceed  the  limited  benefits  to  be 
derived  from  such  modifications. 

As  an  example,  the  bridges  and  approach  roads  for  Minnesota  Highway  1/ 

North  Dakota  Highway  54  and  the  Soo  Line  Railroad  at  Oslo  were  analyzed  to 
determii  -.he  stage  reductions  that  could  be  achieved  by  approach  road 
modifications.  The  approaches  to  the  highway  bridge  were  lowered  on  both 
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sides  of  the  river  by  2  feet  and  4  feet  to  simulate  a"Texas  crossing."  The 
embankment  for  the  Soo  Line  Railroad  was  modified  to  include  additional 
waterway  capacity  on  the  left  (i.e. ,  North  Dakota)  overbank.  An  area  of 
approximately  116,000  square  feet  vas  excavated  to  an  elevatj.on  of  /83.5 
(from  a  top  of  bed  elevation  of  810.5)  over  a  distance  of  4,300  feet.  Be¬ 
cause  the  top  of  rail  must  remain  at  its  present  elevation  to  preserve  the 
railroad  grade  excavating  such  a  large  waterway  opening  would  require  a 
bridge  or  causeway  at  this  location.  These  modifications  were  computed  in 
various  combinations  as  listed  in  table  16. 


Table  16  -  Effects  of  approach  road  modifications  at  Oslo 


Amount  approaches 
lowered 

Soo  Line  Railroad 
bridge  xj'ith  excavation 

Stage  reduction  for  the 
1-percent  chance  flood  (fee 

2  feet 

No 

0.08 

Yes 

0.36 

4  feet 

No 

0.15 

Yes 

0.44 

Obviously,  very  substantial  and  costly  changes  must  be  made  to  these 
approach  roads  to  reduce  some  of  the  0,76-foot  stage  increase  caused  by  this 
combination  of  structures  at  Oslo. 

3.  Channel  Modifications 

Channel  improvement  to  contain  the  10-percer.t  chance  flood  for  the 
Grand  Forks  to  international  border  reach  was  evaluated  in  the  main  stem 
subbasin  report  of  the  Red  River  of  the  North  Preliminary  Basin-Wide  Review 
Study  (St.  Paul  District/Gulf  South  Research  Institute,  1980).  The  benefit- 
cost  ratio  for  this  alternative  was  calculated  to  be  only  0.31.  In  addition 
to  the  lack  of  economic  feasibility,  the  channel  modification  alternative 
has  two  other  serious  drawbacks: 

a.  Channel  modification  has  moderate  to  severe  adverse  environ¬ 
mental  impacts. 


117 


AD-A247008  PAGE  118  IS  NOT  OBTAINABLE.  DOCUMENT  IS  ORIGINAL  & 
A  LOAN. 


b.  The  Soil  Conservation  Service  (SCS)  is  also  investigating 
farmstead  ring  levees  for  Grand  Forks  County,  North  Dakota,  under  the 
Resource  Conservation  and  Development  program.  The  SCS  has  already 
completed  surveys  of  some  of  the  eligible  farmsteads,  and,  if  higher- 
level  approval  and  funding  are  obtained,  construction  could  begin  in  1982. 

On  the  basis  of  preliminary  results  from  these  two  studies,  farmstead 
ring  levees  are  probably  feasible  elsewhere  along  the  Red  River  main 
stem.  These  two  types  of  studies  are  initiated  in  response  to  local 
requests . 

C.  FEASIBILITY  OF  AGRICbXTURAL  LEVEES  USING  LOCAL  COSTS  AND  CONSTRUCTION 
STANDARDS 


The  feasibility  of  agricultural  levees  that  protect  from  the  lOO-year 
(1-percent  chance)  flood  and  conform  to  the  States’  criteria  was  estimated 
using  local  construction  standards  and  costs  rather  than  Federal  construc¬ 
tion  standards  and  costs.  The  HEC-2  model  generated  the  levee  setback  at 
each  cross  section  by  encroaching  equally  from  both  sides  into  the  flood- 
plain  until  the  water  surface  matched  the  elevation  of  the  lOO-year  flood 
plus  one-half  foot.  Comparing  this  elevation,  which  represents  the  neces¬ 
sary  top  of  levee  elevation,  with  the  ground  elevation  along  the  levee 
alignment  provides  the  height  of  the  levee.  The  average  levee  setback  and 
height,  appropriate  levee  length,  and  land  area  riverward  of  the  levees 
are  broken  down  for  the  six  reaches  in  table  17. 


119 


/'if 'll, ".Hill  11" 


Table  17  -  Data  for  100-year  levees 


Average 
levee  height 
(feet)''^^ 

Average 
levee  setback 
(miles) 

Approximate 
levee  length 
(miles) 

Area  riverward 
of'  levee 
(square  miles) 

Reach 

ND 

MI’ 

ND 

MN 

ND 

MN 

ND 

MN 

1 

7.6 

5.0 

0.4 

0.2^^^ 

6.6 

6.9 

3 

7 

2 

4.7 

8.0 

1.9 

1.4 

11.0 

10.4 

25 

13 

3 

3.9 

4.3 

2.3 

2.0 

6.4 

7.6 

14 

12 

4 

5.8 

5.6 

1.5 

2.2 

8.2 

9.2 

19 

34 

5 

5.0 

6.4 

1.0 

2.1 

9.4 

12.5 

14 

24 

6 

6.6 

6.0 

1.3 

1.9 

31.7 

37.9 

41 

60 

(1)  The  levee  top  elevation  at  any  point  along  the  river  is  equal  to  the 
elevation  of  the  100-year  flood  plus  0.5  foot  and  levee  top  elevations  are  equal 
on  both  sides  of  the  river.  Thus,  differences  in  average  levee  height  reflect 
differences  in  average  ground  elevation. 

(2)  Tliis  length  represents  main  stem  levees  only;  it  does  not  include  tribu¬ 
tary  levees. 

(3)  The  average  setback  here  is  biased  toward  a  less  than  representative 
distance  because  of  the  confluence  with  Grand  Marais  Creek. 


Standard  engineering  design  was  assumed  for  the  levees;  that  is,  1;3  side 
slopes,  10-foot  top  width,  and  seeding  to  protect  against  future  erosion. 

Interior  drainage  problems  were  handled  in  a  very  approximate  manner  by  in¬ 
stallation  of  flap-gated  culverts  approximately  every  one-fourth  mile  of 
levee  length.  All  costs  were  based  on  Corps  estimates  of  the  costs  necessary 
for  local  people  to  acquire  the  goods  and  services  for  levee  construction. 

The  presence  of  tributary  streams  complicates  the  construction  of  agri¬ 
cultural  levees  on  the  main  stem.  This  problem  is  apparent  in  the  reach  of 
existing  levees  on  the  North  Dakota  side  where  incoming  tributaries  create 
gaps  in  the  levee  system  through  which  Red  River  backwater  can  readily  pass. 

For  this  feasibility  estimate  for  100-year  levees,  tributary  levees  were  ex¬ 
tended  from  the  tributary  mouth  up  to  a  point  where  ground  surface  elevation 
equaled  the  100-year  plus  one-half  foot  water  surface  elevation  at  the  tribu¬ 
tary  mouth.  This  distance  was  felt  to  be  sufficient  to  protect  against  any 
backwater  effects  from  the  main  stem.  Tributary  levees  will  be  an  essential  part 
of  any  main  stem  levee  system,  and  their  costs  will  be  a  significant  part  of 
the  total  cost.  Table  18  summarizes  data  on  the  tributary  levees  required 
for  the  100-year  main  stem  levee  system. 
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Table 

18  -  Tributary  levee  data  (for 

100-year  protection) 

Reach 

State 

Tributary 

Average  levee 
height  (feet) 

Levee  length 
(miles) 

First  cost 

2 

MN 

Grand  Marais 

4.1 

8.0 

$723,000 

4 

MN 

Snake 

4.3 

7.6 

1,289,000 

ND 

Forest 

2.1 

1.7 

155,000 

5 

ND 

Park 

3.8 

1.6 

133,000 

6 

MN 

Two  Rivers 

4.7 

3.1 

661,000 

ND 

Pembina 

3.1 

00 

• 

787,000 

(1)  The  Marais  River  in  reaches  2,  3,  and  4  on  the  North  Dakota  side 
is  within  the  100-year  main  stem  levee,  and  hence  a  separate  tributary 
levee  is  not  needed.  For  levees  offering  less  than  100-year  protection 
and  thus  being  closer  to  the  Red  River,  a  separate  levee  along  the 
Marais  River  may  have  to  be  added. 


The  estimated  cost  for  agricultural  levees  is  shown  by  reaches  and 
States  in  table  19. 


Table  19  -  First  costs  for  construction  of  100-year  agricultural  levees 


Costs 

Reach 

North  Dakota 

Minnesota 

1 

$1,303,000 

$802,000 

2 

1,190,000 

2,859,000 

3 

555,000 

738,000 

4 

1,290,000 

2,499,000 

5 

1,219,000 

1,920,000 

6 

5,867,000 

6,017,000 

Subtotal 

Total 

11,424,000 

$26,259,000 

14,835,000 

(1)  Includes  costs  for  tributary  levees. 


V. 


121 


Ctosts  for  individual  construction  items  are  summarized  in  table  20 


Table  20  -  Cost  of  individual  construction  items 


Quantit 


IMit  cost 


Total  cost 


Fill 

CY 

6,774,300 

$1.75 

$11,855,000 

Topsoil 

CY 

1,109,500 

2.0C 

2,210,000 

Clearing 

CY 

526,000 

5.00 

1,052,000 

Stripping 

CY 

1,273,000 

1.00 

1,273,000 

Seed 

Acre 

137,000 

4.00 

548,000 

Land^^^ 

1,144,000 

Culverts 

LF 

35.00 

3,800,000 

with  flap gates 

Each 

6,000.00 

S  lib  total 

21,882,000 

Contingencies 

(20  percent) 

4,377,000 

Total 

26,259,000 

(1)  The  land  cost  varies 
in  Reach  1  (MN) . 


CCO/acre  in  Reach  6  (ND)  to  $1,600 /acre 
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The  average  annual  benefits  for  100-year  agricultural  levee  protection 
are  sxinnnarized  in  table  21. 


Table  21  -  Average  annual  benefits  for  100-year  levees 

Benefits 


Reach 

Nonurban  residential 

Other  agricultural 

Total 

JtLnnesota 

1 

$13,600 

$20,300 

$33,900 

2 

16 ,200 

439,300 

455,500 

3 

87,700 

264,000 

351,700 

4 

60,000 

621,700 

681,700 

5 

26,200 

314,600 

340,800 

6 

48,300 

392,900 

441,200 

Subtotal 

252,000 

2,052,800 

2,304,800 

North  Dakota 

1 

7,700 

21,800 

29,500 

2 

27,700 

222,200 

249,90' 

3 

14,100 

233,200 

247.300 

4 

12,700 

213,600 

22»,300 

5 

2,000 

147,400 

149,400 

6 

6,500 

381,600 

338,100 

Subtotal 

70,700 

1,219,800 

1,290,500 

Total 

322,700 

3,272,600 

3,595,300 

The  average  annual  damages  for  '*withcut  levee"  and  100-year  levee  condi¬ 
tions  were  compared  to  yield  the  average  annual  benefits  for  the  100-year 
agricultural  levees.  The  benefits,  along  with  the  average  annual  costs 
and  the  derived  benefit-cost  ratios,  are  shown  in  table  22. 
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Table  22  -  Benefits, 

costs,  and  benefit-cost 

ratios  for  100 

-year  agricultural  levees 

Reach 

Average  annual  benefits 

Average  annual  costs 

Benefit-cost  ratio 

MN 

ND 

m 

HE 

F® - 

- HD - 

1 

X 

$33,000 

$29,500 

$69,600 

$108,500 

0.5 

0.3 

o 

X 

455 ,500 

249,900 

242,000 

101,400 

1.9 

2.5 

3 

351,700 

247,300 

65,400 

50,000 

5.4 

4.9 

4 

681,700 

226, 300 

212,400 

110,900 

3.2 

2.0 

5 

340,800 

149,400 

162,800 

106,400 

2.1 

1.4 

6 

441,200 

388,100 

511,800 

496,500 

0.9 

0.8 

Total 

2,304,800 

1,290,500 

1,264,000 

973,700 

1.8 

1.3 

These  nimbers  are  estimates  for  planning  purposes  only,  intended  to  give  an 
idea  of  the  relative  feasibility  of  levee  construction  for  the  various  reaches. 
Ihis  analysis  assumes  a  base  condition  of  no  agricultural  levees  in  place. 

It  is  also  important  to  note  that  neither  benefits  nor  costs  have  been  included 
for  the  induced  damages  caused  by  the  extra  0.5-foot  depth  of  flooding  in  the 
area  between  the  levees.  Although  the  stage  increase  caused  by  this  levee  sys¬ 
tem  is  within  the  allowable  limit  set  fay  the  States’  criteria,  it  is  highly 
recommended  that  ring  levee  protection  to  the  100-year  plus  0.5-foot  level  be 
provided  for  all  farmsteads  and  communities  between  the  levees.  There  may  also 
be  an  increase  in  the  duration  that  the  cropland  between  the  levees  would  be 
inundated.  Tnese  costs  do  not  include  environmental  enhancement  measures,  nor 
are  the  agricultural  benefits  reduced  to  account  for  the  option  of  allowing 
the  land  between  the  levees  to  revert  to  natural  conditions. 

The  overall  benefit-cost  ratio  for  the  entire  Grand  Forks  to  border  reach 
is  1.6  (benefits  =  $3,595,300,  costs  =  $2,237,700).  This  analysis  indicates 
that  100-year  protection  built  to  local  standards  and  losing  local  costs  is 
potentially  feasible  for  a  number  of  reaches  along  the  river.  These  reaches 
are  essentially  the  same  ones  (Reaches  2  through  5)  where  farmers  have  already 
constructed  levees  offering  less  than  100-year  protection.  The  use  of  Federal 
costs  and  standards  for  construction,  including  2  feet  of  freeboard  on  the 
agricultural  levees,  would  at  least  doiible  the  costs  and  would  result  in  an 
overall  benefit-cost  ratio  less  than  1.0. 
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The  question  remains  whether  levees  providing  a  lesser  degree  of  protection 
and  still  complying  with  the  criteria  would  be  feasible.  Given  the  large 
number  of  variables  involved  in  estimating  costs  and  benefits  for  various 
levee  systems  (e.g. ,  height/setback  combinations,  tributaries,  existing  roads 
and  structures,  etc.),  we  have  not  calculated  the  economics  for  other  pos¬ 
sible  systems  of  agricultural  levees.  According  to  our  best  professional 
judgment,  hoxrever,  the  optimum  level  of  protection  to  give  the  maximum  benefit- 
cost  ratio  would  fall  in  the  10-  to  20-year  range  of  protection. 


D.  ENVIRONIfENTAL  IMPACTS  OF  THE  100-YEAR  LEVEE  ALIGNMENT 

Because  of  the  setbacks  required  to  comply  with  the  States'  criteria  for 
levee  construction,  only  minor  temporary  impacts  associated  with  construction 
could  be  expected.  In  most  instances,  land  use  is  currently  agricultural. 

Some  impacts  may  be  significant  in  those  areas  where  the  levees  approach 
the  floodplains  of  the  tributaries.  Flanking  levees  would  need  to  be  con¬ 
structed  some  distance  upstream  to  protect  against  flood  damages  from  the 
backwaters  of  the  Red  River.  If  adequate  setbacks  are  not  observed,  some 
riparian  habitat  could  be  lost  along  these  tributaries. 

The  opportunity  exists  to  significantly  inprove  the  natural  resources 
1  the  area  between  the  proposed  setbacks.  Many  of  the  proposals  outlined 
in  the  environmental  guidelines  secticai  would  improve  wildlife  habitat 
quality  and  decrease  erosion  in  the  main  stem  area  as  compared  to  existing 
conditions. 


E.  RECREATION  IMPACTS  OF  THE  100-YEAR  LEVEE  ALIQIMENT 


See  ^pendix  E. 
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F.  CULTURAL  RESOURCE  IMPACTS  OF  100-YE4R  LEVEE  ALIGNMENT 


The  cultural  resource  impacts  associated  with  the  100-year  floodplain 
plan  are  difficult  to  determine.  Much  of  this  plan  involves  construction 
of  levees  more  than  one-fourth  mile  away  from  the  river  -  a  geographic  area 
from  which  cultural  resource  data  are  unavailable.  The  primary  impacts  to 
sites  are  expected  where  portions  of  the  levee  will  be  located  within  one- 
fourth  mile  of  the  river.  This  conclusion,  however,  is  based  on  Michlovic's 
survey  results  south  of  the  study  area  and  does  not  necessarily  reflect 
conditions  within  the  study  area.  The  area  beyond  this  distance  has  not 
been  investigated.  Thus,  impacts  for  that  portion  of  the  levee  more  than 
one-fourth  mile  from  the  river  cannot  be  determined  from  existing  data. 

In  addition,  implementation  of  this  plan  could  affect  historic  standing 
structures  by  raising  the  flood  stage  one-half  foot. 

The  fill  sources  for  construction  of  the  levees  for  the  100-year  flood- 
plain  alignment  could  also  affect  cultural  resources.  These  impacts  could 
result  from  either  the  level  scraping  of  fields  for  material  or  from  exca¬ 
vation  of  borrow  pits  for  fill. 

.411  probable  impacts  are  based  on  limited  information.  Cultural  re¬ 
source  surveys  have  not  been  conducted  in  the  area,  and,  until  the  exact 
number,  type,  and  location  of  sites  are  known,  a  detailed  determination  of 
the  impacts  on  cultural  resources  is  impossible. 


III.  GUIDELINES  FOR  AGRI CULTURiUL  LEVEE  CONSTRUCTION 


Previous  sections  of  this  report  have  detailed  some  of  the  engineering 
problems  that  have  accompanied  the  construction  of  private  agricultural  levees 
along  the  Red  River  of  the  North.  The  institutional  problems  associated 
with  these  levees  have  been  well  documented  by  the  local  press  in  the  ted 
River  Valley.  In  many  ways,  these  institutional  problems  may  be  more  insur¬ 
mountable  than  the  technical  problems.  Yet  the  fact  remains  that  the  agri¬ 
cultural  levees  that  have  been  constructed  have  been  partly  successful,  and 
the  criteria  allow  for  modification  of  existing  levees  and  construction  of 
new  levees.  Ke  would,  therefore,  like  to  affirm  some  general  guidelines  to 
minimize  the  adverse  impacts  of  any  future  agricultural  levee  construction. 

A.  HYDRAULIC  GUIDELINES 


The  States'  criteria  set  the  limit  for  the  maximijm  permissible  stage 
increase  that  may  be  caused  by  the  levees.  Because  the  criteria  specify 
the  0.5-foot  limit  only  in  reference  to  the  100-year  flood,  a  certain  lati¬ 
tude  in  levee  location  and  height  is  allowed.  To  generalize,  the  higher  the 
levee,  the  farther  back  it  must  be  from  the  river  to  comply  with  the  criteria. 


Hydraulic  analysis  of  possible  levee  height-setback  combinations 
was  completed  for  a  short  reach  of  the  Red  River  between  river  miles  239.44 
and  245.46  (cross  sections  4600  through  4900).  The  topography,  flow  conditions, 
cross  section  spacing,  and  floodplain  characteristics  are  reasonably  typical 
and  representative  of  the  entire  reach. 

This  simplified  analysis  was  based  on  an  e>:tension  of  previous  methods  used  to 
analyze  levee  owrtopping  situations.  Hie  following  assumptions  were  made: 

1.  Flow  could  pass  over  levees  and  between  cross  sections  with  a  head 
loss  of  0.1  foot. 

2.  Friction  effects  of  the  levees  are  negligible. 

3.  Plow  is  mi  form. 

4.  Plow  velocities  are  perp&dicular  to  tdie  tops  of  levees. 
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5.  A  linear  water  surface  profile  exists  between  cross  sections. 

6.  Flow  distribution  fron  the  HEC-2  jnodel  is  reasonable  and  valid. 

7.  Levee  heights  would  be  based  on  an  average  elevation  in  the  overbank. 

To  meet  the  States*  criteria,  a  floodway  with  encroachments  which 
limit  the  stage  increase  to  0.4  foot  was  computed  for  a  range  of  dischar^s 
less  than  the  1-percent  chance  flood.  The  one-half  foot  stage  increase  is 
based  on  0.4  foot  resulting  from  encroachment  plus  0.1  foot  resulting  from 
the  head  loss  produced  b}?  the  levees  when  overtopped.  A  discharge-setback 
cur\fe  for  this  condition  is  shown  in  figure  18. 

In  the  reach  analyzed,  approximately  26,760  lineal  feet  of  agricultural 
levee  exist.  Inspection  of  aerial  photographs  indicated  that  the  levee 
alignment  used  in  this  reacli  was  typical  and  could  reasonably  be  expected 
to  be  lised  elsewhere.  A  unit-discharge  per  foot  of  levee  versus  total  dis¬ 
charge  was  developed  using  information  computed  in  the  HEC-2  model.  The 
distance  the  top  of  levee  would  have  to  be  below  the  design  water  surface 
elevation  was  computed  using  the  energy  equation  for  flow-in  the  lateral 
direction  and  making  simplifying  assumptions.  These  computations  were 
done  for  a  range  of  discharges  and  average  ground  elevations  in  the  overbanks 
for  each  cross  section.  Tne  results  were  compared  and  averaged  and  a  discharge 
versus  levee  height  curve  developed  (figure  19). 

By  combining  the  discharge- levee  height  and  discharge-setback  curves, 
a  setback  versus  levee  height  curve  was  dexived  for  the  conditions  stated 
(figure  20). 

Tnese  curves  for  the  "typiceil  reach"  are  meant  only  to  illustrate  possible 
levee  height-setback  combinations.  .Analysis  of  different  reaches  would  pro¬ 
duce  different  results,  but  overall  similarities  could  reasonably  be  expected. 


Discharge- setback,  curve 


:e  height  curve 


B.  FOUNDATION  GUIDELINES 


1.  Regional  History 

Within  this  century,  many  foundation  failures  have  occurred  along  the  Red 
River.  The  most  famous  are  the  Transcona  Grain  Elevator  in  Manitoba  and  the 
Great  Northern  Railway  bridge  at  Grand  Forks.  Other  serious  problems  occurred 
during  or  relatively  soon  after  construction  of  all  types  of  structures  includ¬ 
ing  bui Mings,  roadways,  and  levees.  With  secondary  banks  (where  the  lake 
plain  meets  the  river  cut)  t3rpically  located  about  400  feet  from  the  river's 
edge,  the  temptation  to  extend  lake  plain  elevation  riverward  has  been  irresist¬ 
ible.  A  good  example  of  this  practice  can  be  seen  in  Grand  Forks  and  East 
Grand  Forks  where  eight  slides  have  occurred  where  fill  was  placed  near  or 
over  the  secondary  bank. 

The  Red  River  Valley  is  the  lake  bed  of  glacial  Lake  Agassiz,  which 
covered  the  area  during  the  retreat  of  the  last  glacier  from  the  region.  The 
river  has  cut  into  the  lake  plain  and  formed  a  mearider  belt  without  a  well- 
developed  floodplain.  Slopes  from  the  lake  plain  to  the  riv**.i'M  edge  are  unde¬ 
veloped  and  covered  with  a  dense  growth  of  brush  arid  tiim;-er»  Tnecie  banks  are 
heavily  scarred  with  old  slides  and  sloughs. 

2.  General  Geology 

•  As  the  last  glacier  receded  north,  it  formed  a  barrier  to  northward  drain¬ 
age.  This  barrier  created  a  large  lake.  Lake  Agassiz,  ir  the  present  area  of 
the  Red  River  Valley.  Rivers,  swollen  with  water  from  the  melting  glaciers, 
carried  large  quantities  of  sediment  into  the  lake.  The  coarse  sediments  were 
deposited  as  deltas  and  worked  into  beach  lines  near  shore.  The  fine  silts 
and  clays  were  carried  out  into  the  lake  where  they  settled  and  formed  deposits 
up  to  150  feet  thick.  As  the  ice  barrier  melted,  the  northward  drainage  was 
reestablished,  and  sediments  were  exposed  to  weathering  and  erosion.  The 
Red  River  and  tributaries  were  established  and  cut  steep-sided  meandering 
channels  into  the  nearly  level,  soft  lake  sediments.  As  a  result  of  the  recent 
geologic  development  in  the  basin,  the  lake  sediments  are  characterized  by  poor 
consolidation  and  high  natural  water  content. 
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3.  Geologic  Colxmin 


The  materials  in  the  area  are  easily  recognized  and  correlated  with 
materials  found  elsewhere  in  the  Lake  Agassiz  basin.  Four  major  soil  types 
are  present  within  the  influence  of  existing  and  proposed  levees: 
fluvial  (river  deposited)  sediments,  two  types  of  lacu'strine  (lake  deposited) 
sediments,  and  sediments  deposited  by  glacial  ice. 

The  glacial  sediments  underlie  the  lacustrine  clays  throughout  the  region 
and  represent  the  original  bottom  of  Lake  Agassiz  before  filling  began.  These 
sediments  are  characteristically  more  competent  than  the  other  three  soil 
units.  No  evidence  of  failures  exists  within  these  materials. 

The  lower  lacustrine  sediments,  or  dark  gray  clays,  are  present  throughout 
the  area.  This  soil  type  is  extremely  weak  and  is  primarily  responsible  for  the 
region’s  notorioiosly  poor  foundation  characteristics.  The  unit  is  thicker 
outside  than  within  the  meander  belt  where  the  river  has  partially  eroded  it. 

The  upper  lacustrine  sediments  (laminated  silty  clays)  are  not  as  thick 
as  the  lower  lacustrine  sediments.  These  laminated  silty  clays  may  be  found 
at  or  near  the  surface  outside  the  meander  belt  or  may  be  buried  by  thick 
fluvial  deposits  within  the  meander  belt.  This  soil  type  is  only  slightly 
stronger  than  the  dark  gray  clays. 

The  fluvial  sediments  (river  deposits)  are  the  youngest  in  the  region 
and  are  restricted  in  significant  distribution  to  the  meander  belts  of 
rivers.  Fluvial  sediments  consist  of  dis continuously  stratified  and  mixed 
deposits  of  silt  and  clay.  These  deposits  are  the  strongest  within  the  zone  of 
influence  for  sliding. 

4.  Mechanics  of  Baim  Failure 

Every  slope  is  coi'Stantly  subject  to  natural  forces  tending  to  smooth 
it  out  or  flatten  it.  Equilibrium  may  be  disturbed  by  an  Increase  in  forces 
contributing  to  sliding  (additional  weight  on  top  of  the  bank)  or  decrease 
in  forces  resisting  sliding  (erosion  of  the  primary  bank  or  river  bottom  and 
very  low  river  elevation) .  Landslides  of  the  type  in  qtiestlon  are  usually 
deep-seated.  When  the  falling  earth  mass  breaks  away  from  the  lake  plain 
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mass,  it  moves  as  a  section  approximating  a  segment  of  circular  arc  (called 
a  rotational  landslide;  see  figure  21.  The  ability  of  a  slope  to  resist 
movement  also  depends  on  the  strength  or  ability  of  a  soil  to  resist  shear¬ 
ing.  See  figure  22  for  an  illustration  of  the  importance  of  soil  positioning. 

In  the  "best  case,"  most  of  the  potential  failure  surface  is  within  fluvial 
sediments  which  have  a  relatively  high  shear  strength.  In  the  "worst  case," 
the  potential  failure  surface  is  wholly  within  the  weaker  lacustrine  sedi¬ 
ments  and  the  lower  lacustrine  deposit  is  very  thick.  The  worst  case  is 
most  likely  to  occur  on  the  outside  of  a  river  bend  at  the  edge  of  the 
meander  belt.  The  best  case  is  most  likely  to  occur  on  the  inside  of  a 
bend  within  the  meander  belt. 

Tension  cracks  run  parallel  to  the  secondary  bank  and  cup  in  toward 
the  river  at  both  ends.  They  are  a  warning  that  failure  is  imminent.  Actual 
bank  failure  is  usually  brittle  with  a  rapid  displacement  of  from  a  few  inches 
to  a  few  feet.  Initial  displacement  is  often  followed  by  years  of  slow, 
intermittent  movement.  It  is  a  characteristic  of  clays  in  the  valley,  and 
many  other  clays,  to  weaken  with  disturbance  by  shearing  or  sliding.  That  is, 
even  though  sliding  has  occurred,  thereby  reducing  driving  forces  by  lowering  the 
bank  and  raising  the  river  bottom,  soils  along  the  plane  of  failure  are 
weaker  than  before  sliding  occurred.  Any  added  loading  where  sliding  has 
previously  occurred  could  trigger  more  rapid  movement  or  extend  the  time  and 
total  displacement  of  slow  movement. 


CENTER  OF  kOTATION 


Figure  21  -  ROTATIONAL  LANDSLIDE 


When  displacement  occurs,  tbs  bank-full  section  changes  shape  but  the 
flow  area  is  preserved  because  the  falling  secondary  bank  increases  bank-full 
channel  area  by  an  amount  equivalent  to  that  lost  by  the  heaving  river  bottom. 
Because  of  this  phenomenon,  an  illusion  is  created  that  the  hydraulic  capacity 
of  the  river  is  unchanged.  In  fact,  the  center  of  the  channel  where  area  is 
lost  by  sliding  is  hydraulically  much  more  efficient  than  the  upper  bank  x^here 
area  is  gained  by  sliding.  The  net  result  is  reduced  capacity  of  the  river 
to  carry  flows  and  higher  water  surface  elevations  for  a  given  quantity  of 
flow.  This  is  one  reason  it  is  important  to  minimize  sliding. 

5.  Condition  of  Existing  Levees 

A  great  deal  of  variability  occurs  in  the  existing  levees  mainly  as  a 
result  of  construction  techniques,  with  quality  and  existing  conditions  gener¬ 
ally  best  near  Oslo.  Top  widths  vary  from  less  than  5  feet  to  more  than  20 
feet  where  levees  are  used  as  driveways  or  are  built-up  county  roads.  Side 
slopes  vary  from  approximately  IV  on  IH  to  IV  on  4H.  Generally 
levees  are  not  mowed  and  are  covered  with  tall  grasses  and/or  weeds. 

Field  inspection  of  stability  conditions  in  summer  1980  was  extremely 
difficult  because  of  the  heavily  vegetated  nature  of  sides  and  tops  of  most 
levees  and  limited  access  to  levees.  Except  where  levee  tops  had  been 
driven  over,  deterring  vegetation,  cracking  had  to  be  felt  for  more  than 
looked  for.  Basically,  two  types  of  cracks  were  observed:  randomly  oriented 
cracks  up  to  2  inches  wide  caused  by  shrinkage  and  cracks  running  parallel 
to  the  levee  up  to  4  inches  wide.  Shrinkage  cracks  were  unusually  large 
because  of  dry  weather  and  could  be  observed  on  the  permanent  project  at  Oslo 
for  reference.  The  generally  wider  parallel  cracking  was  not  observed  every¬ 
where  and,  more  often  than  not,  was  caused  by  localized  sloughing  (shallow 
face  slippage).  Probably,  more  parallel  cracking  exists  than  was  observed 
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because  of  difficulty  with,  observations.  Considerable  sloughing  was  ob¬ 
served,  especially  on  the  North  Dakota  side  of  the  river.  No  major  vertical 
displacements  resulting  from  riverbank  sliding  were  observed;  but,  because 
of  the  limited  number  of  areas  visited  and  the  heavy  vegetation  cover,  many 
could  have  been  missed.  Major  sliding  may  be  occurring  riverward  of  the 
levee  without  signs  of  stress  within  the  levee.  Where  this  is  observed, 
the  levee  should  be  moved  landward. 

Several  practices  that  were  evident  should  be  addressed.  Farmers 
should  be  discouraged  from  plowing  and  planting  right  up  to  the  landward 
toe  of  levees;  an  exception  to  this  will  be  explained  later.  Evidence 
indicating  encroachment  by  farm  equipment  on  levees  was  observed.  This 
tends  to  form  a  vertical  face  at  the  toe  and  in  some  cases  causes  the  levee 
face  to  slough.  New  levees  and/or  portions  of  old  levees  should  be  pro¬ 
vided  with  a  well  graded  and  gravel  surface  or  planted  with  grass  and  mowed 
at  regular  intervals  so  that  vegetation  does  not  grow  higher  than  6  inches. 
This  is  to  aid  inspection  and  observation  during  emergency  periods  and 
discourage  rodent  problems.  Trees  also  create  possibly  turbulent  flow 
problems  and  interfere  with  proper  maintenance.  If  trees  are  in  place, 
the  practice  of  filling  around  them  should  be  discouraged  because  it  may 
kill  the  trees  and  does  not  result  in  a  permanently  sound  structure.  Ob¬ 
stacles  to  flow  Such  as  concrete  rubble  and  discarded  refrigerators  should 
be  kept  off  the  le\-ees  because  they  may  create  an  erosion  problem  and  pre¬ 
vent  placement  of  erosion  protection  if  needed  imder  high-water  conditions. 
Where  levees  are  known  to  contain  significant  quantities  of  substandard 
fill  materials  such  as  wood  or  highly  organic  soil,  they  should  be  cut  out 
and  rebuilt.  A  positive  feature  of  most  of  the  levees  is  that  they  have 
generally  been  built  entirely  landward  of  the  secondary  bank  on  the  lake  plain 
and  with  locally  borrowed  material.  This  contrasts  sharply  with  urban 
areas  where,  generally,  becaxise  the  structures  are  close  to  the  river, 
additional  fill  from  outside  areas  must  be  placed  riverward  of  the  lake 
plain. 
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6.  New  Levee  Standards 

Levees  should  be  built  with  a  10-foot  minimum  top  width  and  have  slopes 
no  steeper  than  IV  on  3H.  It  is  generally  best  to  borrow  material  for  levees 
riverward  of  proposed  placement  from  a  stability  standpoint.  Where  stability 
is  suspect,  top  widths  may  be  narrowed,  slopes  steepened,  and  all  material 
for  construction  borrowed  ri\'erward  of  the  levee.  This  compromise  in 
integrity  is  jtistifiable  only  where  earth  movements  are  especially  threaten¬ 
ing.  Under  no  circumstances  should  fill  be  placed  on  a  sliding  crack  or 
riverward  of  a  crack  if  movement  has  occurred  or  is  occurring.  Setbacks 
from  the  riverbank  will  be  necessary.  The  farther  landward  a  levee  can  be 
set  back,  the  less  the  possibility  that  construction  will  cause  a  sliding 
type  failure.  No  general  standards  for  areas  of  questionable  stability  are 
possible. 


Culverts  and  conduits  extending  through  levees  should  receive  special 
care  in  placing  and  compacting  fill.  The  landward  third  of  pipes  should 
be  encased  in  an  18-inch  blanket  of  clean  sand  or  gravel  with  an  exit  for 
seepage  provided.  Cutoff  or  seepage  fins  should  not  be  used. 

All  borrow  areas,  ditches,  and  levee  slopes  should  be  seeded  with  grass 
and/or  cared  for  as  needed  to  establish  proper  cover.  I.evee  tops  may  be 
graveled  and  widened  where  safe  for  other  uses  or  seeded. 


7.  Special  Conditions 


It  has  been  assumed  that  all  levees  will  be  built  on  a  clay  foundation. 
However,  sands  and  silts  may  be  encountered.  In  these  cases,  professional 
help  should  be  sought  because  the  design  standards  presented  are  not  adequate. 
This  condition  is  most  likely  to  occur  in  the  sand-gravel  beach  ridges  along 
the  edge  of  the  old  lake  plain. 


If  any  sand  or  gravel  from  past  flood  fights  or  any  other  source  is  used 
in  levee  construction,  it  must  be  placed  landward  of  a  riverward  clay  face. 

A  sand  or  gravel  layer  through  the  entire  levee  secticm  must  be  avoided. 
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Where  low  levees  cross  cultivated  fields,  very  flat  slopes  and  wide 
top  widths  are  preferred.  These  levees  can  be  cultivated  but  special  care 
may  be  required  so  that  levee  profile  elevations  are  maintained.  By  culti¬ 
vating,  weed,  debris,  and  rodent  problems  are  eliminated.  The  flat  river- 
ward  slope  compensates  for  the  scour  problems  caused  by  wave  action  and 
currents . 

Where  old  river  channels  are  crossed,  the  levees  will  probably  be  high 
and  the  foxmdation  soils  will  probably  be  fluvial.  This  combination  may  re¬ 
sult  in  significant  settlement.  It  is  recommended  that  these  levees  be 
resurveyed  on  the  first  and  fifth  years  after  construction  and  restored  to 
original  grade  if  settlement  occurs, 

8 .  Con  struct ion  and  Main tenan  ce  Procedures 


Soils  for  levee  construction  should  be  placed  in  lifts  not  exceeding 
12  inches  and  thoroughly  compacted  by  careful  routing  of  construction  equip¬ 
ment.  Generally,  special  equipment  for  compaction  is  not  needed.  The  surface 
of  each  lift  should  be  loosened  if  it  becomes  too  smooth  to  permit  proper 
bonding  of  the  next  lift.  Soil  for  placement  should  be  moist  enough  to 
deform  without  crumbling  and  dry  enough  so  that  excessive  shrinkage  will  not 
occur  once  in  place.  Tops  and  sides  of  levees  vrill  be  graded  to  provide 
smooth,  even  surfaces.  Before  fill  is  placed,  the  foundation  will  be 
cleared  and  stripped  of  vegetation.  Grass  cover  will  be  established  and 
nK)wed  as  needed  to  limit  growth  to  6  inches. 

9.  Summary 

To  build  a  levee  properly  requires  greater  initial  investment  that  that 
made  in  those  levees  already  built.  To  maintain  a  levee  properly  requires 
regular  effort.  Although  poorly  built  levees  have  performed  their  function, 
many  have  failed.  In  the  long  run,  looking  at  the  reduced  rate  of  deteriora¬ 
tion  and  likelihood  of  failure  inherent  in  a  properly  built  levee  and  con¬ 
sidering  the  consequences  of  failure,  the  greater  effort  to  do  it  right  the 
first  time  is  worth  it. 
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ENVIRONMENTAL  GUIDELINES 


The  construction  of  levees  to  reduce  flood  damages  in  agricultural  areas 
has  had  adverse  impacts  on  natural  resources.  Floodplains  have  been  cleared 
and  converted  to  cropland  resulting  in  the  direct  loss  of  wildlife  habitat  and 
increased  erosion.  However,  opportunities  exist  to  improve  wildlife  habitat  and 
reduce  erosion  in  the  main  stem  area  in  conjmction  with  levee  construction. 

By  considering  levee  alignment,  land  use  between  the  levee  and  the  river,  and 
construction  techniques,  environmental  quality  can  be  greatly  enhanced  with 
little  additional  cost. 

1.  Alignment 

Levees  should  be  as  far  as  possible  from  the  riverbanks.  A  minimum  setback 
of  at  least  500  feet  would  be  most  advantageoxis .  This  setback  would  provide 
a  floodway  of  at  least  1,000  feet  and  would  help  minimize  erosion  problems. 

More  important,  setbacks  should  be  outside  the  existing  tree  line  if  at 
all  possible.  Riparian  woods  in  the  main  stem  area  are  a  valuable  resource. 

They  provide  areas  for  recreation  and  wildlife  habitat  and  help  to  stabilize 
the  soil  near  the  river,  thereby  reducing  riverbank  slumping. 

2.  Land  Use  Between  the  Levees  and  the  River 

In  some  areas,  it  may  be  more  advantageous  to  change  farming  practices 
in  the  area  between  the  river  and  the  levee.  These  areas  will  be  subjected 
repeatedly  to  flood  damages  and,  as  a  result,  will  be  more  susceptible  to 
erosion  during  floods. 

One  method  of  reducing  erosion  would  be  to  institute  conservation  tillage 
practices,  such  as  no  fall  plowing  or  no  tillage.  By  not  plowing  in  the  fall, 
the  field  residue  would  help  reduce  erosion  in  the  spring.  No-till  farming 
would  be  even  more  effective  in  achieving  this  effect.  However,  minimum  tillage 
often  requires  the  increased  use  of  pesticides  to  maintain  acceptable  yields 
and  could  contribute  to  viater  quality  degradation  during  periods  of  high  runoff. 
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Anctner  alternative  would  be  to  discontinue  any  row  crop  production  in 
the  setback  areas  and  use  these  areas  as  pasture  or  for  hay  production. 

If  these  areas  are  not  overgrazed,  establishment  of  a  fairly  constant  ground 
cover  would  help  reduce  erosion. 

In  areas  where  levee  setbacks  are  500  feet  or  less,  it  may  be  desirable 
to  allow  natural  floodplain  vegetation  to  ’  ecome  reestablished.  A  more 
continuous  wooded  corridor  would  develop,  promoting  soil  stability  and  enhancing 
wildlife  and  recreation  potential  along  the  river.  This  alternative  land 
use  \Jould  be  most  beneficial  in  locations  adjacent  to  extensively  wooded  areas. 

3.  Levee  Construction 


Depending  on  the  source  of  fill  for  levee  construction,  there  are  oppor- 
tijnitias  in  some  areas  for  the  development  of  wetlands.  If  fill  mate"  ial 
is  obtained  from  a  borrow  area,  it  could  be  excavated  in  such  a  manner  as 
to  create  a  wetland.  Locating  a  borrow  area  on  the  riverward  side  of  the 
le\«e  may  be  feasible  in  some  circumstances,  because  the  setback  area  may 
not  be  suitable  for  cultivation  as  a  result  of  susceptibility  to  flood  damages. 
Tnese  wetland  developments  would  be  replenished  during  the  spring  and  would 
provide  valuable  habitat  for  wildlife  using  the  river  corridor. 

An  example  of  how  a  borrow  area  could  be  excavated  for  wetland  develop¬ 
ment  is  shown  in  figure  23.  The  pond  diaracteristics  shown  provide  a  good 
mix  of  shallow  areas  for  the  establishment  of  marsh  vegetation  and  open  water. 
The  areas  should  be  a  minimum  of  a  one-quarter  acre  in  size  with  an  irregtjlar 
shoreline.  Generally,  side  slopes  should  not  be  steeper  than  3  on  1  to  mini¬ 
mize  the  possibility  of  slumping  after  excavation  is  completed.  Some 
permanent  seeding  of  locally  adopted  grass-legume  mixtures  should  be  established 
around  the  site  to  help  provide  wildlife  cover.  If  the  area  surrounding  the 
excavation  site  is  to  be  pastured,  the  potholes  should  be  fenced  to  maintain 
an  adequate  ground  cover.  An  area  of  25  to  40  feet  beyond  the  waterline  should 
be  enclos*»d. 
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SECTION 


DESIGN  FOR  BORROW  AREA  EXCAVATION 
TO  CREATE  A  WETLAND  AREA 
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Fig. ire  23 
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D.  RECREATION  GUIDELINES 

See  Appendix  E. 

E.  CULTURAL  RESOURCE  GUIDELINES 

Before  implementation  of  any  proposed  plans  for  the  construction  or 
maintenance  of  any  levees  along  the  Red  River,  a  cultural  resource 
su..vey  is  recommended  in  the  area  of  proposed  environmental  impact,  in¬ 
cluding  any  borroxv?  areas,  to  identify  any  unknown  cultural  resources 
that  could  be  damaged  or  destroyed  by  construction.  If  the  proposed  under¬ 
taking  requires  Federal  assistance,  including  any  Federal  permit,  license, 
or  approval,  the  surveys  would  be  mandatory  (required  by  the  National 
Historic  Preservation  Act  of  1966).  In  addition,  the  State  Historic 
Preservation  Officers  and  State  Archaeologists  in  each  State  should  be 
contacted  before  implementation  of  any  proposed  plan  to  determine  if  any 
State  cultural  resource  laws  or  regulations  apply. 

F.  PERllIT  REQUIREMENTS 

Permits  are  required  to  construct,  relocate,  rebuild,  or  alter  any  agri¬ 
cultural  levees  to  en  .  e  compliance  with  the  established  joint  criteria. 

Depending  on  the  location  of  the  dike,  applications  should  be  submitted  to 
the  Minnesota  Department  of  Natural  Resources  or  North  Dakota  State  Water 
Commission.  Forms  and  instructions  can  be  obtained  from  the  respective  State 
offices . 

Although  primary  permitting  authority  resides  with  these  State  agencies, 
approval  from  other  sources  may  be  necessary.  County  water  management  or 
watershed  offices  should  be  contacted  to  see  if  there  are  any  local  restric¬ 
tions.  Also,  Federal  regulations  may  require  permits  through  the  Corps  of 
Engineers . 

The  Corps  has  two  principal  sources  of  permit  authority:  Section  10 
of  the  River  and  Harbor  Act  of  1899,  which  regulates  all  work  in  navigable 
waters  up  to  the  ordinary  high-water  mark,  and  Section  404  of  the 
Clean  Water  Act,  which  regulates  the  discharge  of  dredged  or  fill  material 
into  waters  of  rhe  United  States.  Section  10  generally  does  not  apply  to 
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agricultural  levees  on  the  Red  River  because  the  levees  are  constructed  above 
the  ordinary  high-water  mark.  Section  404  does  apply  since  wetlands, 
intermittent  streams,  and  prairie  potholes  are  all  considered  waters  under 
Section  404  jurisdiction.  The  term  "wetland"  covers  a  broad  range  of  vege¬ 
tation  and  saturated  soil  conditions;  therefore,  care  should  be  taken  to 
determine  if,  in  fact,  any  wetlands  are  affected  before  any  levee  construction 
or  alteration  is  begun. 

In  summary,  before  construction  or  modification  of  any  agricultural  levee, 
an  approved  permit  must  be  obtained  from  the  proper  State  agency.  Typically 
the  States  should  be  able  to  advise  an  owner  if  further  permits  are  required 
from  other  local.  State,  or  Federal  offices.  If  there  is  any  question  or  doubt 
whether  further  permits  are  needed,  the  landowner  should  contact  the  local 
watershed  offices  and  the  Corps  of  Engineers  in  St.  Paul.  Failure  to  acquire 
all  of  the  proper  permits  could  result  in  a  request  for  removal  of  the  struc¬ 
ture  or  other  legal  action. 
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RED  RIUER  OF  THE  NORTH  HAIN  STEM  STUDV  -  ENERSOH.  NANITOIA  TO  GRAND  FORKS 


Cf^OSS- SECTION  NUMBER  7900 


827 


TION  NUMBER  7800 


. . 


CNOSft-SCCTION  HUNiCfl  77«t 


RED  RIVER  OF  THE  NORTH  CANADA  TO  GRAND  FORKS 


CRC5S-SECTI0M  MUNKR  78*« 


CAOSS-SCCTION  NUKKR  75M 


CROSS-SeCTION  NUniER  74M 


CROSS-SECTION  NONSER  73M 


RED  RIUER  OF  THE  NORTH  CANADA  TO  GRAND  FORKS 
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CROSS-SECTION  HUNSCR  7Zt$ 


RED  RIUER  OP  THE  NORTH  CANADA  TO  GRAND  FORKS 


CROSS-SECTION  MUniER  71M 


SCCTIOM  NUntEK  7000. 


RED  RIUER  or  THE  WORTH  CANADA  TO  GRAND  fORKS 


CROSS-SeCTlON  NUniER  fi9«« 


RED  RIUER  OF  THE  NORTH  CANADA  TO  GRAND  FORKS 
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CROSS-SECTXON  NUNKR 


CROSS-SECT! OM  NUHIER  67S« 


SCCTION  NUn»EK  Ntt 


CROSS-SECTtCN  HUniCff  «st* 
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CKOSt'SECTlON  NUniCR 


CROS4-mtIOt4  NUniCR  C3M 


RED  RIVER  OF  THE  NORTH  CANADA  TO  GRAND  FORKS 


SECTION  NuntER  satt 


RED  RIVER  OF  THE  NORTH  CANADA  TO  GRAND  FORKS 


CROSS-SECTION  NUNIER  6t*« 


RED  RIUER  OF  THE  NORTH  CANADA  TO  GRAND  FORKS 


CROSS-SECTION  NUNKR 


RED  RIUER  OE  fHE  HORTH  CftrtftDft  TO  GRAND  FORKS 


CROSS-SCCTIOH  NUMtER  S9— 


RED  RIDER  OF  THE  MCRTH  CANADA  TO  GRAND  FORKS 


7SG 


«F.O  RiyER  OF  THE  NORTVJ  CAMADft  TO  RftHD  FORKS 
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CROSS-SECTION  NUnKR  57S» 


RED  RIUER  OF  THE  NORTH  CANADA  TO  ORAND  FORKS 


CROSS-SECTIOH  NUNBER  6SM 


RED  RIVER  OF  THE  NORTH  CANADA  TO  GRAND  FORKS 


CROSS-SECTION  NUHSER  5SM 
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CROSS-SECTIOH  HOnKR  S<*M 


RED  RIUER  or  THE  NORTH  CRNftDA  TO  GRAND  FORKS 


A-33 


CROSS-tCCTlON  NUntER  9M9 


R€0  RIVER  OF  THE  NORTH  CftHflDA  TO  GRAND  FORKS 


••as  MMurM  Moiioas-ssoRO 


r  THE  NORTH  CWNADfl  TO  CRAND  FORKS 


SZ97S 


36 


CNOSS-KCTION  NUIIIER  $••• 
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CMtf-SRCTlOM  KintCM  49M 


RED  RIVER  OF  THE  NORTH  CANAOft  TO  GRAND  FORKS 


CROSS-SECTION  NURtEft  4aM. 


RED  RIUER  OF  THE  NORTH  CANADA  TO  GRAND  FORKS 


RED  RIVER  OF  THE  MORTM  CRKRDR  70  ORRND  FORKS 


CROSS-KCTION  NUmiEft  4S*t 


RED  RIOCR  OF  THE  NORTH  CANADA  TO  GRAND  FORKS 


CROSS-SECTION  NUNKR  4400 


RED  RIUER  OF  THE  NORTH  CANADA  TO  GRAND  FORKS 


CROSS-SEcrtON  NUNIER  43#*, 


RED  RIUER  OP  THE  NORTH  CANADA  TO  GRAND  FORKS 


CROSS-SECTION  HUNIER  S*#» 


RED  RIUER  OF  THE  NORTH  CANADA  TO  GRAND  FORKS 


CROSS-SECTION  NUNKR 


RED  RIUER  or  THE  NORTH  CANADA  TO  GRAND  FORKS 


CROSS-SECTION  NUNSER  ^SS* 


RED  RIDER  Of  THE  NORTH  CANADA  TO  GRAND  FORKS 


u. 
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CROSS-SCCTION  NUtIKR  3««t 


RED  RIVER  OF  THE  NORTH  CANADA  TO  GRAND  FORKS 


?  s  p 


CROSS-SECTION  NUMKR  3IS0 


CNOtl-MCTION  NUnilK  37M 


RED  RIVER  OF  THE  NORTH  CAMADft  TO  GRAND 


CROSS-SECTION  NUNKR  XtO 


RED  RIUER  or  THE  NORTH  CANADA  TO  GRAND  FORKS 


CROSS-SCCTION  NUNIER  3S«t 


RED  RIUER  OF  THE  NORTH  CANftOA  TO  GRAND  .FORKS 


CROSS'SCCTION  NUn>ER  34M 


RED  RIUER  Of  THE  NORTH  CANADA  TO  GRAND  fORKS 


CROSS-SECTION  NUNIER  330* 


RED  RIUER  OE  THE  NORTH  CANADA  TO  GRAND  FORKS 
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CROSS-SCCTION  NURtCR  38M 


RED  RIUER  or  THE  NORTH  CANADA  TO  GRAND  FORKS 


55 


CROSS-SECTION  HOMER  Sift 
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CmSS-SECTtOH  NUnKR  3tlf 


RED  RIUER  or  THE  NORTH  CANADA  TO  GRAND  FORKS 


CROSS-SECTION  NUNSER  99— 


RED  RlUCft  OF  THE  NORTH  CANADA  TO  GRAND  FORKS 


it^lil9«»-MOZ  MS  ikMIalt* 


CROSS-tECTtOH  NUtlKR  MO* 


RED  RIVER  OF  THE  NORTH  CANADA  TO  GRAND  FORKS 


59 


CROSS-SECTION  NUNIER  STM 


RED  RIUER  or  THE  NORTH  CANADA  TO  GRAND  FORKS 
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CROSS-SCCTtON  NUniER  KM 


RED  RIUER  Of  THE  NORTH  CAMADA  TO  GRAND  FORKS 


CROSS-SCCrZON  NUNKR  8S«I 


RED  RIUER  OF  THE  HORTH  CANADA  TO  GRAND  FORKS 
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CRO$*-$ECT10«  HUHKR 


RCD  RIUCR  or  Tf€  NORTH  CANADA  TO  GRAND  rORKS 


63 


itCrtON  NUNIIR  iM9 


RED  RIUER  or  THE  NORTH  CANADA  TO  GRAND  FORKS 


CROSS-SECTION  NUNtCR  ESSO 


RED  RIUER  or  THE  NORTH  CANADA  TO  GRAND  EORKS 


CROSS-SCCTtON  NUNBER  Em 


R€D  RIUER  OF  THE  NORTH  CANADA  TO  GRAND  FORKS 


RED  RIUER  OF  THE  NORTH  CANADA  TO  GRAND  FORKS 


CROSS-SECTION  NUNIER  19*» 


KED  RIUER  OF  THE  NORTH  CANADA  TO  GRAND  FORKS 


CROSS-SECTION  NUNBER  tB«t 


RED  RIUER  OF  THE  HORTH  CANADA  TO  GRAND  FORKS 


CROSS-SECTION  NUNSER  ISM 


RED  RIUER  or  THE  NORTH  CANADA  TO  GRAND  FORKS 


CROSS-SCCTtON  NUntER  IStt 


^  ft  M  n 

li  ?  ?  P  »5 
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74» 


RED  RIUER  or  THE  HORTH  CANADA  TO  GRAND  rORKS 


SECTION  NUniER  13«« 


RCD  RIUER  OF  THE  NORTH  CANADA  TO  GRAND  FORKS 


CROit-tICTION  NUNKR  IN* 


RED  RIUCR  or  THE  NORTH  CRNODA  TO  GRAND  rORKS 


CROSS'SCCTtON  NUNtER  tlM 


RED  RIUCR  or  m  NORTH  CANADA  TO  GRAND  FORKS 


CROft-tCCTXON  NUniER  im 


ncrtoH  tninufi  m* 


RED  ^IVER  OF  THE  NORTH  CANADA  TO  GRAND  FORKS 


CROSS-SECTION  NUflKR  ISO 


RED  RIUER  OF  THE  NORTH  CANADA  TO  CRANO  FORKS 


CROSS-SCCTJON  NUMER  7*9 


RED  filUER  OF  THE  NORTH  CANADA  TO  GRAND  FORKS 


RED  RIUER  OF  THE  NORTH  CANADA  TO  GRAND  FORKS 


CROSS-SECTION  NUNKR  4ft 


RED  RIUER  OF  THE  NORTH  CRNRDA  TO  GRAND  FORKS 


■ 


CROSS-SECTION  NUIUER  3M 


RED  RIUER  or  THE  NORTH  CANADA  TO  GRAN*)  FORKC 


CROSS-SCCTION  NUNIER  8f« 


RED  RIUER  OF  THE  NORTH  CANADA  TO  GRAND  FORKS 


CROSS-SCCTION  NUHtER  Iff 


APPENDIX  B 


FREQUENCY  CURVES 


Table  of  discharge  values 
for  various  points  along  the 
Red  River  main  stem  Is  being  revised  and  will 
be  furnished  at  a  later  date. 
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Aluujnii  liist;;inLniUM*us  Peak 


KXCEEDENCE  FREQUENCY  iN  PERCENT 


Annual  Instantaneous  Peak 
Discharge  Frequency  Curve 
for 

Red  River  of  the  North 
at  Enerson,  Manitoba 


Under  revision  -  will  be 
provided  at  a  later  date. 
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APPENDIX  C 
RATING  CURVES 
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AGRICULTURAL)  LEVEE  iCONDITlONS 


APPENDIX  D 

STATES’  CRITERIA  ON  AGRICULTURAL  LEVEES 


FIRST  TO 

jouiT  Alio  ccoiT-ATivf;  Ac.i’r.i;-',r.iiT 
FOR  TllC  CSTAOLlCirii:!  Of  crrjU’.iA 
FOR  AUTiioi'i,'!!*:.;  Mi'.LS  oDicii 

FLOOD  co.'iTROi.  STrijcTL'iins  kcasijres 

ON  TllC  RED  RIVER  OP  THE  NORTH 
AND  THE  COI5  DE  SIOUX  RIVER 

1.  Article  II  of  the  agrooinont  Is  hereby  omendr-d  by  adding  the  follov/lng 
paragraph: 

II.  INTENT  OF  AGREEMENT 

The  Intent  of  this  agreement  Is  to  provide  for  total  and  comprehensive  water 
management  of  the  entire  Rod  River  Gasin.  Comprehensive  water  management  Includes 
both  structural  and  nonstructural  measures  and  requires  Involvement  and  participation 
at  all  levels  of  government.  This  agreement  ensures'  that  both  states  will  provide 
for  uniform  and  consistent  flood  plain  management  along  the  Red  River  of  the  North 
and  Bols  Dc  Sioux  River  and  that  both  states  arc  totally  committed  to  long-range 
water  management  objectives  over  the  entire  Red  River  v/atershed. 

2.  Article  IV  of  the  agreement  is  hereby  amended  by  the  deletion  of  the  existing 
article  and  the  insertion  of  the  following  new  article: 

IV.  JOINT  DIKE  CRITERIA  FOR  AGRICULTURAL  DIKE  CONSTRUCTION 
A.  GENERAL  PURPOSE 

The  purpose  of  these  criteria  Is  to  provide  for  the  orderly  and  consistent 
review  of  permit  applications  to  construct,  relocate,  rebuild  or  alter  agricultural 
dikes  along  the  Red  River  of  the  North  and  Bols  de  Sioux  Rivers  In  order  to  assure 
that  the  granting  of  such  penults  would  be  In  the  best  Interests  of  the  people 
of  Minnesota  and  North  Dakota.  These  criteria  would  be  mutually  applicable  In 
both  states.  The  authority  to  establish  these  joint  criteria  Is  granted  to  the 
Conwissioncr  of  Natural  Resources  In  Minnesota  Statutes,  Sections  105.42,  105.49 
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ind  471.59  and  to  the  llorlh  Dakota  State  r.it'jlnoor  In  Section  01-D2-Z4  and  01-10-15 
of  llic  north  Dakota  Century  Code.  The  two  slates  recognize  tliat  establishment 
of  those  criteria  governing  the  Issuance,  review  and  denial  of  permits  to  construct, 
relocate,  rebuild  or  alter  agricultural  dikes  along  the  boundary  rivers  is  but  the 
first  step  in  the  exorcise  of  Joint  control  over  those  activities  v/hich  could 
contribute  to  an  increased  flood  potential  of  these  rivers.  The  two  states  further 
recognize  the  need  to  exercise  this  Joint  control  because  local  or  state  v/ater 
management  decisions  may  have  an  interstate  and  international  impact. 

The  criteria  herein, are  being  established  at  this  time  because  there  is  a  current 
need  to  provide  a  basis  for  the  review  of  existing,  unauthorized- agricultural  dikes 
and  permit  applications  for  the  construction  of  additional  agricultural  dikes  along 
the  boundary  v/aters.  Local  land  owners  view  such  dikes  as  interim  solutions  to 
local  flood  problems. 

It  is  intended  that  each  state  will  use  these  criteria  for  the  adoption  of 
regulations  in  each  respective  state. 

B.  JURISDICTION 

These  criteria  governing  the  review,  issuance. and  denial  of  permits  to  construct, 
relocate,  rebuild  or  alter  agricultural  dikes  along  the  boundary  rivers  pertain 
to  all  such  dikes  located  within  the  flood  plains  of  the  Red  River  of  the  North 
and  the  Bois  de  Sioux  Rivers.  Floodplain  areas  of  the  Red  River  of  the  North  are 
defined  by  Appendix  0,  Volume  8  of  the  Souris-Red-Rainy  Basin's  Comprehensive  Study 
as  "Red  River  of  the  North  Main  Stem  Regional  Floodplain  Area"  and  the  floodplain 
of  the  Bois  de  Sioux  River  is  defined  by  the  U.S.  Geological  Survey  one  percent 
chance  of  recurrence  area  flood  quadrangles.  These  criteria  apply  to  dikes  constructed 
on  tributaries  within  the  floodplains  of  these  boundary  rivers. 
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C.  UEriNITlOuS 


For  the  purposes  of  these  retjulalions  certain  terms  or  v/ords  used  herein  sluil 
be  interpreted  as  follov/s: 

"Dike"  means  an  cinban'enent  constructed  of  earth  and/or  other  suitable 
materials  to  nrotoct  oyricul tura  1  l^inds  from  floods  which  result  from 
overflov/  of  watercourses  or  frem  diffused  surface  waters. 

"Boundary  Rivers"  moans  the  Red  River  of  the  North  and  the  Bois  de  Sioux 
River  as  they  form  a  natural  boundary  between  the  States  of  Minnesota  and 
North  Dakota. 

"Farmstead"  means  a  farm  d-welling  and/or  associated  farm  buildings. 

*’  "Flood  Frequency"  means  the  average  frequency,  statistically  determined, 
for  v/hich  it  is  expected  that  a  specific  flood  stage  or  discharge  may 
be  equalled  or  exceeded.  This  frequency  is  usually  expressed  as  having 
a  probability  of  occurring,  on  the  average,  once  within  a  specified  number 
of  years. 

"Flood  Viaters"  means  those  waters  which  temporarily  inundate  normally  dry 
areas  adjoining  a  watercourse.  This  inundation  results  from  an  overflow 
of  the  watercourse  caused  by  excessive  amounts  of  rainfall  and/or  snowmelt 
which  exceed  its  capacity. 

“Public  Waters"  means  all  natural  and  altered  natural  watercourses  with 
a  total  drainage  area  creator  than  two  square  miles,  except  that  trout 
streams  officially  designated  by  the  Commissioner  shall  bo  public  waters 
regardless  of  size  of  their  drainage  area. 

"Ring  Dike"  means  an  embankment  constructed  of  earth  and/or  other  suitable 
materials  for  purposes  of  enclosing  a  farmstead. 

"Watercourse"  means  a  channel  in  which  a  flow- of  v/at-or  occurs  either 
continuously  or  intermittently  in  a  definite  direction.  The  term  applies 
to  either  natural  or  artificially  constructed  channels. 


D,  StVERABILITY 

The  provisions  of  these  criteria  shall  be  severable,  and  the  invalidity  of 
any  paragraph,  subparagraph,  or  subdivision  thereof  shall  not  make  void  any  other- 
paragraph,  subparagraph,  subdivision,  or  any  other  part. 

E.  DESIGN  CRITERIA 

1.  Dikes  arc  to  bo  constructed  at  a  location  and  elevation  so  as  not 
to  cause  an  increase  in  elevation  of  the  100-ycar  frequency  flood 
of  more  than  onc-half  foot  at  any  point  along  the  river.  Calculations 
of  the  effects  of  tlio  dikes  shall  be  based  on  total  and  cquaT  degree 
of  encroachment  along  both  sides  of  the  river.  Dikes  shall  not  cause 
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an  incrtMjC  in  the  elcv.ition  of  fif.od  v/atorr.  v/hicli  will  result  in 
an  unrcnsonablo  increase  it)  flood  oaiitaycs  due  to  tlie  displacement 
of  flood  waters. 


2.  Calculation  cf  the  effects  of  proposed  dikes  shall  be  based  on  the 
dikes  being  located  on  bot!)  sides  of  tite  Rod  and  Cois  de  Sioux  Rivers 
so  as  not  to  cause  ir.orc  than  one-half  of  the  maximum  allowable  stage 
increase.  If  mutual  agreement  has  been  reached  bet'./cen  persons  on 
both  sides  of  the  river,  dikes  on  one  side  of' the  river  may  utilize 
the  entire  increase  in  flood  stage  elevation  allowable. 

3.  Dike  Dimensions.  Dike  top  width  shall  not  be  less  than  six  (6)  feet. 

Side  slopes  shall  not  bo  steeper  than  3:1,  except  where  slope  stability 
analysis  and  slope  erosion  control  can  justify  steeper  slopes.  No  organic 
soil  or  material  shall  be  allowed  in  the  foundation  of  the  fill  of  dikes. 

4.  Vegetative  Cover  and  Riprap.  A  protective  cover  of  grasses  shall  be 
established  on  all  exposed  surfaces  of  the  dike.  Riprap  shall  be  used 
v/here  required  for  control  of  erosion. 

5.  Interior  Drainage.  Dikes  shall  have  provisions  for  interior  erainage. 

The  design  shall  include  plans  to  handle  the  discharge  from  tne  drainage 
area  based  on  drainage  design  requirements  for  the  local  area. 

\  HYDROLOGIC  DATA  FOR  DESIGN 

The  North  Dakota  State  V.'ater  Commission  and  the  Minnesota  Department  c;f  Natural 
Resources  shall  provide  the  .discharges  and  corresponding  elevations  of  frequently 
)ccurring  floods  (and  other  available  flood  data)  for  use  in  dike  design. 

3.  DIKES  ACROSS  NATURAL  WATERWAYS  AND  LEuAL  DRAINS 


Dikes  shall  not  be  constructed  across  public  watercourses  in  Minnesota  or 
watercourses  in  North  Dakota  as  defined  by  61-01-07  of  the  North  Dakota  Century 
3ode,  without  the  proper  authorization  by  the  appropriate  state  agency.  Dike  setbacks 
’.long  tributary  waterways,  within  the  area  defined  in  Section  B  of  these  criteria, 

:o  the  boundary  water  shall  meet  the  criteria  as  stated  in  Section  E. 

Dikes  constructed  across  legal  drains  or  public  ditch  systems  shall  require 
;he  approval  of  the  appropriate  watershed  district,  drain  board,  water  management 
iistrict  or  other  local  authority. 


H,  FARMSTEAD  DIKIIIG 

Within  on  cxistiiuj  dike  systciii,  ring  dikes  around  individual  fannstcads  shall 
not  require  dike  ponnils  if  they  are  not  provided  v/ilh  tic-backs  to  existing  road¬ 
ways  or  dikes.  Ring  dikes  provided  with  tie-backs  shall  be  considered  part  of  the 
overall  dike  system  and  will  be  required  to  secure  diking  permits.  However, 
approvals  must  be  made  from  local  authorities  where  applicable. 

!.  ADMINISTRATIO:! 


1.  Application  for  Permits.  All  applications  submitted  by  the  owner  to  construct, 
to  relocate,  rebuild  or  alter  dikes  shall  be  made  on  forms  provided  by  the  Minnesota 
DNR  or  ND  State  Engineer  and  shall  be  accompanied  by  two  (2)  complete  sets  of  plans 
and  specifications.  Such  plans  and  specifications  shall  include  the  following: 

a)  A  general  location  map  within  a  minimum  scale  of  r'=800' 
showing  the  following: 

1)  Location  of  the  dike  with  respect  to  the  watercourse. 

2)  Location  of  field  inlets  to  provide  for  internal  drainage. 

3)  Location  of  legal  drains  and  natural  channels  tributary  to 
the  main  river  channel. 

b)  Detailed  cross-sections  of  the  dike  showing  elevations,  in  relation 
to  mean  sea  level,  and  side  slopes. 

c)  Any  other  inforr.iation  deemed  necessary  by  the  permitting  agency  in 
order  to  adequately  process  the  permit. 

After  review  of  the  information  required  above  and  other  available 
data,  the  state  agency  to  which  the  application  is  made  shall  determine 
the  location  and  number  of  required  cross-sections  of  the  river  channel 
and  overland  areas.  These  locations  shall  be  provided  to  the  applicant 
^  who  shall  then  provide  the  required  cross-section  data.  The  applicant  shall 

^  undertake  and  agree  to  pay  the  expenses  incurred  in  securing  those  cross-sections. 
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2.  Joint  Pci'nii  t  A['p1  ic.Ulonr;.  Joint  ponnit  application*;  involving  tv<o  or  !no”o 
loiidowncrs  or  a  permit  application  on  behalf  of  tv;o  or  more  landov/ners  will  be  acc{:pL..i 
by  the  State  agencies.  These  permit  applications,  taken  together,  must  meet  the 
regulations  adopated  by  each  agency. 

3.  Issuance  of  Permits,.  Dike  permits  will  bo  issued  only  upon  concurrent  approval 
by  the  state  and  local  government  in  which  state  the  dikes  are  located.  Approval  of  the 
permit  will  in  no  way'  relieve  the  owner  from  damages  which  may  be  caused  or  created  by 
construction  of  the  dikes. 

4.  Joint  Administration.  A  copy  of  each  application  and  accompanying  information 
for  a  permit  shall  be  forwarded  by  the  state  agency  receiving  the  initial  application 
to  the  other  state  for  comment  and  recommendation  before  final  approval  is  granted. 
Comments  shall  be  returned  within  thirty  (30)  days  after  receipt  in  order  to  be 
considered. 

5.  Permit  Revocation.  The  applicant  shall  provide  for  certification  by  a 
registered  land  surveyor,  engineer,  or  other  qualified  person  or  agency  that  the 
finished  dike  elevations  are  not  higher  than  those  approved  by  the  state  agency  to 
which  the  application  was  submitted. 

The  permit  shall  be  revoked  for  failure  to  construct  the  dike  in  accordance  with 
the  plans  and  specifications  submitted.  Structural  alteration  of  the  dike  vnthout 
permission  of  the  appropriate  state  agency  v/ill  also  result  in  having  the  permit 
revoked . 

6.  Reconstruction.  Reconstruction  or  rebuilding  of  any  authorized  dikes  shall 
require  notification  of  the  state  agency  in  which  state  the  proposed  activity  is 
located,  and  recertification  in  accordance  with  these  criteria. 

0.  EXCEPTION  TO  THE  CRITERIA 

Under  special  circumstances,  exceptions  to  the  dike  criteria  may  be  authorized  - 
on  an  individual  basis  but  they  must  have  the  concurr.;nt  approval  of  the  North 
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Dakota  Slate  Engineer,  local  viater  inanagci;:'-nt  board  in  fJortii  Dakota,  Minnesota 
Department  of  Natural  Resources  and  local  w.itcrsiicd  district  in  Hinnesota.  Factors 
that  v/ill  be  considered,  among  other  things,  shall  be  increase  in  flood  stage. 
Increase  of  stage  at  existing  city  dike,  increase  in  stream  velocity  and  environ¬ 
mental  effects.  In  addition,  for  the  purpose  of  flexibility,  each  state  shall 
consider  the  utilization  of  farmsteads,  property  lines,  and  existing  roads  when 
evaluating  applications  on  dike  construction,  consistent  v/ith  these  criteria. 


K.  APPLICATiCii  TO  EXISTING  DIKES 

1.  Application  to  Existing  Dikes.  These  criteria  shall  apply  to  all  unauthorize 
dikes  constructed  in  the  past  for  the  protection  of  those  agricultural  lands  located 
within  the  flood  plains  of  the  Red  River  of  the  North  and  the  Bois  de  Sioux,  as 
defined  in  Article  IV,  Section  B  of  this  agreement.  Exceptions  are  farmstead  dikes 
if  they  meet  the  provisions  of  Article  IV,  Section  H  of  this  agreement. 

2.  Evaluation  of  Existing  Dikes.  Parties  to  this  agreement  agree  to  take 
coordinative  and  direct  action  to  evaluate  all  unauthorized  dikes  constructed  in 
the  past  for  the  purpose  of  bringing  them  into  compliance  v/ith  either  Section  £ 
or  Section  J  of  the  dike  criteria.  The  procedure’ for  evaluation  of  existing  dikes 
shall  be  mutually  agreed  to  by  the  State  Water  Corrraission  and  the  Department  of 
Natural  Resources  after  consultation  with  the  local  water  management  agencies  in 
the  floodplain.  The  State  Water  Ccuanission  and  the  Department  of  Natural  Resources 
shall  provide  to  the  local  water  management  agencies  in  the  floodplain  area  all 
necessary  data  gathered  from  the  evaluation  of  existing  dikes. 

3.  Corrective  Plans.  The  local  water  management  agencies  shall  utilize  the 
technical  assistance  provided  by  the  State  Viater  Conmission  and  the  Department 
of  Natural  Resources,  and  in  consultation  with  the  affected  property  owners, 
expeditiously  develop  a  corrective  plan  that  will  mitigate  to  the  roaximum  extent 
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possible  Llie  adverse  in’.pacts  to  tlio  floodplain  and  will  bo  in  compliance  or  sub¬ 
stantial  compliance  with  the  adopted  criteria.  The  corrective  plan  shall  include* 
among  other  things,  an  implementation  schedule.  Factors  that  will  bo  considered, 
among  other  things,  in  the  development  of  the  corrective  plan  shall  be  increase 
in  flood  stage,  increase  of  flood  stage  at  existing  city  dikes,  increase  in  stream 
velocity,  environmental  effects,  utilization  of  farmsteads,  property  linos,  existing 
roads,  cost  of  dike  modifications,  and  the  amount  of  the  reduction  of  the  adverse 
impact  in  the  floodplain  that  can  be  achieved  in  a  reasonable  manner. 

4.  Approval  of  Corrective  Plan.  The  corrective  plan  shall  then  be  submitted 
to  the  State  Water  Corrmission  or  the  Department  of  natural  Resources  for  approval. 

f 

Those  portions  of  the  corrective  plan  which  are  in  compliance  with  Section  E  of 
the  dike  criteria  shall  be  approved  accordingly.  Those  portions  of  the  corrective 
plan  which  are  not  in  compliance  with  Section  E  of  the  dike  crite'^^ia  shall  be  governed 
by  Section  J.  ■ 

5.  Enforcement.  If  the  responsible  party  or  parties  do  not  bring  the  unauthorizeo 
dike  or  dikes  constructed  in  the  past  into  conformance  in  accordance  '..’iL.h  the  approved 
corrective  plan,  the  State  of  North  Dakota  and  the  State  of  Minnesota  shall  act 
independently  or  jointly  to  secure  such  conformance,  exercising  applicable  federal 

and  state  laws.  Any  such  actions  shall  be  coordinate-  the  maximum  extent. 


In  furtherance  of  this  section,  Article  V  of  the  original  agreement  is  hereby 
deleted. 


3.  A  new  Article  V  of  the  agreement  is  hereby  created: 

V.  URBAN  AND  MUNICIPAL  DIKES 


A.  Previous  sections  of  this  agreement  address  only  agricultural  and  rural 
dikes.  However,  another  important  stop  in  the  process  of  joint  and  comprehensive 
water  management  of  the  Rod  River  is  to  develop  diking  criteria  for  urban  and 
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iiiuiiicipal  areas  which  \n‘n  have  uniform  appl icaticn  on  both  sides  of  Liic  Red  River. 
Therefore  the  parties  hereby  aoree,  in  conjwiction  with  and  in  cooperation  with 
local  water  nianacjcinent  officials  and  appropriate  municipalities,  to  adopt  mutually 
applicable  criteria  for  the  approval  of  dike  construction  along  the  Red  River  of 
the  North  and  the  Dois  dc  Sioux  in  the' urban  and  municipal  areas  in  both  states. 

Such  criteria  may  include  designation  of  a  floodplain  and  floodway  and  specifications 
for  maximum  dike  elevations. 

B.  Such  criteria  shall  be  adopted  after  joint  public  meetings  convened  at  a 
mutually  acceptable  place  and  time.  The  parties  hereby  further  agree,  if  necessary, 
to  request  technical  assistance  and  recommendations  from  the  appropriate  federal 
agencies,  including  the  United  States  Army  Corps  of  Engineers,  the  Soil  Conservation 
Service,  and  Federal  Emergency  Management  Agency. 

C.  The  adopted  criteria  may  be  substantially  altered  or  amended^y  mutual  agree¬ 
ment  of  the  parties  in  writing. 


STATE  OF  MINNESOTA 


STATE  OF  NORTH  DAKOTA 


DATE 


Arthur  A.  Link 
Governor 


DATE:  :i  -C-- So 


loner 

Department  of  Natural  Resources 


DATE: 


State  Engineer 
State  Water  Commission 


DATE :  <?('  S '  St) 


i>-9 


APPENDIX  E 


RECREATION 


8T.  rAUL  DX8TKICT  Coatraet  Ho.  i 

U.  8.  AIMT  G0RP8  OF  IHQIRIIR8  HC8ID-IR-R-1022 

1133  U«  8.  F08T  OPFZGI  A  GD8TOM  BOU8I 
8T.  PAUL,  MZHMI80TA  35 101 


ANALYSIS  OF  PUBLXC  USB  IMPAGTS  AND  POTENTIALS 
ASSOGIATED  VZTH  THE  RED  RIVER  OF  THE  NORTH 
MAIN  STEM  FLOOD  GONTROL  PROJECT 


Fropared  By: 

ROY  F.  HESTON,  INC. 

Suita  1860W 

332  Minnesota  Street 

St*  Paul,  Minnesota  55101 

(612)  291-2A65 


E-1 


TABU  or  OOIITBIIT8 


Introduction 

Purpose 

Methodology 

Existing  Recrestlon  Areas 
Recreation  Participation 
North  Dakota  Region 
Minnesota  Region 
Interpretation 
Analysis 

Potential  Recreation  Areas 

Resource-Related  Concerns 

Recreation  Related  Guidelines 

Impacts  of  Levees  on  Recreation  Facilities 

Site  Specific  Potential  Impacts 

Cost  Estimate 


r«gs 

i 

1 

1 

3 

5 

5 

6 

7 

8 
9 

12 

U 

20 

21 

23 


LIST  OF  TABLES 


Table 

1  Existing  Recreation  Areas 

2  Total  Days  of  Participation  in  Region  4 

3  Recreation  Occasions  Originating  in  Region 

4  Percent  of  Population  in  Region  1  Desiring 
More  Recreation  Opportunity 

5  Recreation  Facility  Cost  Estimates 


LIST  OF  FIGUPZS 


Figure  Page 

1  Permanent  Structures  Adjacent  to  the  Water  15 

2  Moveable  Structures  Adjacent  to  the  Water  .  15 

3  Permanent  Structures  Out  of  Floodplain,  Trail  16 

4  Permanent  Structures  Out  of  Floodplain,  Picnic  Area  16 

5  Relation  Between  River  Morphology  and  Recreation  Areas  18 


ill 


INTRODUCTION 


PURPOSE 

The  purpose  of  this  report  is  to  identify  recreation-related  impacts  and 
potentials  with  the  existing  and  proposed  flood  control  measures  in  the 
140-mile  study  area  along  the  Red  River  of  the  North.  The  southern 
limit  of  the  study  arf'~  is  the  northern  limit  of  urbanization  in  Grand 
Forks,  North  Dakota  and  East  Grand  ?o“ks,  Minnesota.  The  northern  limit 
is  the  international  border  between  the  United  States  and  Canada.  The 
width  of  the  study  area  coincides  v;ith  the  limit  of  the  100-year  flood- 
plain. 

The  report  is  organized  to  present  the  recreational  facilities  currently 
available  in  the  study  area,  then  to  identify  areas  with  potential  for 
development.  Also  included  are  recreation-related  guidelines  for  con¬ 
sideration  when  analyzing  levee  alignment  and  design.  Maps  of  the  study 
area  (1:24,000  scale}  are  provided  depicting  existing  potential  recreat¬ 
ion  areas,  existing  levees  and  the  100-year  floodplain.  These,  coupled 
with  maps  of  the  study  area,  conceptual  cross  sections  and  cost  esti¬ 
mates,  present  preliminary  information  concerning  recreational  potential 
along  the  140  miles  of  the  main  stem  floodplain. 


METHODOLOGY 

The  study  relies  on  reconnaissance-type  methods.  Previous  studies^ 
revealed  the  names  of  many  of  the  existing  recreation  areas.  Aerial 
photographs  at  a  scale  of  1:24,000  were  examined  to  locate  areas  for 
potential  development.  These  areas  were  identified  on  the  basis  of  tree 
cover,  proximity  to  water,  and  convenient  access.  Twenty-two  potential 
sites  were  identified  in  this  manner.  A  field  reconnaissance  narrowed 
this  list  to  ten  sites.  Reasons  for  rejection  of  some  sites  Included: 

•  proximity  to  one  or  more  Inhabited  residences 

•  inconvenient  or  poor  quality  access  roads 

•  lowlylng  areas  and  steep  river  baiks 

•  insufficient  width  to  permit  development. 

Data  collected  from  existing  studies  and  photographs,  as  verified  in  the 
field,  were  plotted  on  the  base  maps.  These  inventory  existing  recrea¬ 
tion  opportunities  and  present  sites  with  the  potential  for  development 
(1:24,000  scale  maps). 


^U.  S.  Army  Corps  of  Engineers,  Recreation  Sites  Under  15  Acres,  Red 
River  of  the  North  Basin,  1981. 

U.  S.  Army  Corps  of  Engineers,  Red  River  of  the  North  Reconnaissance 
Report,  Main  Stem  Subbasin.  Final  Report,  December,  1980. 
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School  athletic  fields  have  been  eliminated  from  consideration  in  this 
report.  The  reason  for  this  is  that  school  atheletlc  fields  serve  a 
very  different  function  from  outdoor  recreation  areas.  Their  attraction 
is  limited  to  community  residents  and  to  school-aged  children.  Their 
appeal  is  not  widespread. 


EXISTING  RECREATIONAL  AREAS 


Existing  outdoor  recreation  facilities  are  limited  within  the  study 
area.  Presently,  all  but  one  of  the  sites  are  located  within  the 
municipalities  scattered  along  the  river.  The  ones  that  do  exist  are 
well  maintained  and  appear  to  be  regularly  used  for  a  variety  of 
activities.  As  stated  before,  school  playgrounds  have  not  been 
considered  in  this  investigation.  Table  1  presents  an  Inventory  of 
existing  recreation  areas.  These  same  areas  are  also  Included  on  the 
maps  accompanying  this  report. 


TABLE  1 

EXISTING  RECREATION  AREAS 


Name  City/County  Activities/Facilities 

Minnesota 

Oslo  Municipal  Park  Oslo/Marshall  Camping  (no  facilities) 

Picnicking 
Picnic  Shelter 
Picnic  Tables 
Large  Charcoal  Pit 
Rest  Rooms 
Ball  Park 


North  Dakota 

Drayton  Municipal  Park  Drayton/Pembina 


Drayton  Municipal  Golf  Drayton/Pemblna 

Course 

Pembina  Masonic  Historic  Pembina/Pembi na 
Park 

Pembina  Historic  Site  Pembina/Pembina 


Red  River  Access  Fembl na /Pembina 

Walhalla  Golf  Course  Pembina/Pembina 

(continued)  3 


Camping 
Picnicki ng 
Picnic  Shelters  (3) 
Picnic  Tables 
Play  Area 
Charcoal  Grills 
Swimming  Pool 
Tennis  Courts  (2) 
Rest  Rooms 
Ball  Park 

Golf  (9  holes) 


None 


Picnicking 
Charcoal  Grills 
Play  Area 
Ball  Park 

Boat  Ramp 
Fishing 

Golf  (9  holes) 


Map  Sheet  No . 
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Red  Rive 
(N.D 


Access 

VJIA) 


Drayton/Penbina 


Boat  Racjp 
P'ishing 


Map  Sheet  No. 
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Caciping  facilities  are  available  only  at  Drayton  Municipal  Park  and 
Oslo  Municipal  Park.  Other  than  these  tvo  locations,  the  nearest  cacp- 
ing  is  located  south  of  Grand  Forks,  North  Dakota  and  in  Grafton,  10 
ciles  from  Interstate  Highway  29.  The  latter  site  is  well  out  of  the 
100-year  floodplain. 

Picnic  facilities  are  somewhat  isore  frequent.  Oslo  Municipal  Park, 
Drayton  Municipal  Park,  and  Pembina  Historic  Site  all  provide  tables  and 
shelters.  Along  the  entire  lAO-aile  stretch  of  river,  only  two  boat 
access  point  exists.  Both  are  in  Pembina  County. 


It  must  be  noted  that  opportunities  for  hunt 
sightseeing  and  nature  study  can  be  found 
designated  recreation  areas.  The  entire 
recreation  resource  to  some  extent. 


ing,  birdwatching,  fishing, 
at  locations  independent  of 
study  area,  therefore,  is  a 
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RECREATION  PARTICIPATION 


Sines  the  Red  River  of  the  North  is  the  boundary  between  North  Dakota 
and  Minnesota,  an  analysis  of  recreation  participation  for  the  study 
area  must  include  information  from  both  North  Dakota's  and  Minnesota's 
State  Comprehensive  Outdoor  Recreation  Plans  (SCORP).  The  approach  to 
recreation  analysis  differs  between  SCORP's  but  a  synthesis  of  the  infor¬ 
mation  does  provide  meaningful  predictions  regarding  future  participa¬ 
tion  trends. 

The  states'  recreation  analyses  are  provided  on  a  regional  basis.  The 
area  of  study  is  contained  in  North  Dakota  State  Planning  Region  4  and 
Minnesota  Development  Region  1.  The  information  provided  does  not  allow 
analysis  at  a  subregional  level.  Participation  projections  (base  year 
1978)  for  a  variety  of  activities  are  provided  for  1985,  1990  and  1995. 


North  Dakota  Region 

Participation  estimates  and  projections  (measured  in  total  days)  for  the 
ten  most  popular  activities  in  Region  4  (North  Dakota)  are  presented  in 
Table  2.  Region  4  is  composed  of  four  counties:  Pembina,  Walsh,  Nelson, 
Grand  Forks. 


TABLE  2 

TOTAL  DAYS  OF  PARTICIPATION  IN  NORTH  DAKOTA  REGION  4 


Activity 

1978 

1980 

1985 

1990 

1995 

Bicycling 

32.6 

34.  9 

38.7 

42.7 

43.8 

Ice  Skating 

18.  7 

20.5 

17.  5 

17.3 

15.3 

Outdoor  Pool  Swimming 

16.6 

15.  5 

16.  9 

17.0 

16.6 

Snowmobiling 

14.3 

14.7 

15.  1 

16.0 

16.0 

Golf 

14.2 

16.3 

19.3 

21.6 

22.  1 

Sleddi ng 

10.  9 

19.7 

10.4 

11.6 

10.8 

Jogging 

10.7 

10.2 

12.3 

12.9 

12.9 

Picnicking 

9.8 

11.3 

■  ■’  7 

15.2 

16.2 

Fishing 

9.7 

10.  5 

1  -4 

12.0 

12.6 

Beach  Swimming 

8.0 

10.  9 

'.A  A 

1  H 

16.7 

17.7 

Source:  North  Dakota  SCORP  1980  pg.  4--19. 


The  most  popular  activity  by  far  in  Region  4  is  bicycling.  The  popular¬ 
ity  of  bicycling  is  expected  to  increase  throijjgh  1995,  and  will  have 
over  twice  the  participation  of  any  other  activity  •  Golf, 


^North  Dakota  SCORP  1980,  pg.  4-19. 
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jogging,  picnicking,  and  beach  swimming  are  also  expected  to  show 
Increases  In  popularity.  Ice  skating  Is  the  only  activity  of  the  ten 
most  populc-r  activities  In  the  region  to  show  a  projected  decrease  In 
participation.  Outdoor  pool  swimming,  snowmoblllng  and  sledding  will 
receive  fairly  constant  participation  through  1995. 


Minnesota  Region 

Seven  counties  comprise  Minnesota  Development  Region  1:  Kittson, 
Roseau,  Marshall,  Pennington,  Red  Lake,  Polk,  Norman.  Bicycling  by  far 
Is  the  most  popular  activity  in  the  region  (Table  3).  It  receives  over 
twice  the  participation  of  any  other  activity  and  Is  projected  to  main¬ 
tain  its  large  portion  of  participation.  None  of  the  activities  have  a 
large  projected  increase  In  popularity.  Those  that  indicate  some  In¬ 
crease  are:  snowmoblllng,  fishing,  pleasure  driving,  picnicking  and 
boating.  Slight  decreases  are  predicted  for  bicycling,  swimming,  sled¬ 
ding  and  ice  skating. 


TABLE  3 

RECREATION  OCCASIONS  ORIGINATING  IN  MINNESOTA  REGION 


Activity 

197si 

1980 

1985 

1990 

1995 

Bicycling 

U6.5 

138. 6 

132.  1 

138.6 

143.8 

Snowmoblllng 

65.  1 

62.7 

65.0 

68.9 

68.5 

Swimming 

39.3 

37.2 

34.2 

34,4 

36.0 

Fishing 

37.0 

36.6 

37.2 

38.5 

39.4 

Base/Soft  Ball 

33.0 

31.5 

30.5 

32.5 

33.0 

Pleasure  Driving 

29. 1 

29.5 

30.8 

31.4 

31.2 

Sledding 

24.3 

22.4 

21.0 

22.5 

23. 1 

Picnicking 

22.1 

21.9 

22.6 

24. 1 

24.5 

Ice  Skating 

21.8 

20.0 

20. 1 

20.9 

20.6 

Boating 

21.5 

21.7 

21.5 

22.4 

23.1 

Source:  Minnesota  SCORP,  1979. 

^Data  provided  in  the  Minnesota  SCORP  are  measured  in  recreation  occa¬ 
sions  (one  recreation  occasion  Is  participation  in  one  activity  at  any 
one  continuous  length  of  time)  an*’  are  divided  Into  occasions  occuring 
In  Region  1  and  occasions  originating  In  the  Region.  The  latter  was 
selected  to  assess  the  participation  trends  of  people  within  the  area. 

Public  wants  for  the  provision  of  recreation  opportunities  have  been 
assessed  for  Region  1.  Table  4  shows  the  percent  of  the  population 
desiring  more  opportunity  for  activities. 

Additional  camping  opportunities  was  the  most  requested  opportunity  by 
residents  in  Region  1.  Fishing,  swimming,  snowmoblllng  and  bicycling, 
also  received  a  relatively  large  percentage  of  requests  for  additional 
opportunities.  c 
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TABL5  i 

PERCENT  OF  THE  POPULATION  IN  REGION  1  ISSIRING  MORE  OPPORTUNITY 


Activity  Percent 

Cainplng  22. 4 

Fl'-hing  18.3 

Swimming  17.6 

Snowmoblllng  15.5 

Bicycling  16.5 

Hunting  8.3 

Tennis  7.  1 

Downhill  Skiing  6.9 

Hiking  6. 5 

Cross  Country  Skiing  6.0 


Source:  Minnesota  SCORP.  1979 


It  is  interesting  that  the  activities  projected  to  be  the  anst  popular 
are  not  necessarily  those  identified  as  needing  nK)re  opportunity.  Of 
the  activities  listed  as  strongly  desired  (Table  4)  only  four  — 
fishing,  swimming,  snowmoblllng,  bicycling  appear  in  the  ten  most  pop¬ 
ular  activities  (lable  3). 

Bicj: cling  and  snowmobiling  are  projected  to  be  by  far  the  most  popular 
actlvites.  Camping,  fishing  and  swimming,  by  comparison,  are  tiore 
strongly  desired  than  bicycling  and  snowmobiling.  This  Indicates  that  a 
lack  of  opportunities  say  be  suppressing  the  participation  for  camping, 
fishing  and  swimming  as  well  as  other  activities  that  are  strongly 
desired  but  relatively  low  in  projected  participation.  More  directly, 
supply  of  facilities  may  b-e  influencing  participation.  Recreation  devel¬ 
opment  should  be  directed  towards  the  more  strongly  desired  activities 


desirea  activities 


tne  Region. 


Interpretation 


The  findings  of  the  North  Dakota  SOOR?  and  Minnesota  SOR?  ar  in  gen¬ 
eral  agreement-  Bicycling,  snowmobiling  and  swimming  are  the  three  aist 
popular  activities  in  the  area.  The  North  Dakota  SCX)R?  trends  indicate 
a  general  increase  in  the  already  popular  activities  (Table  2).  The  fig¬ 
ures  presented  in  the  Minnesota  SOOR?  predicts  a  leveling  of  partici¬ 
pation  in  almost  all  activites  originating  in  the  area  (Table  3). 

Recommendations  identified  for  Region  1  (Minnesota)  suggest  a  stronger 
emphasis  on  providing  summer,  rather  than  winter  activities.  Summer  act¬ 
ivities  mentioned  as  needing  more  development  are:  campgrounds,  public 
fishing  accesses,  swimming  beaches  and  bicycle  paths.  Winter  activ¬ 
ities  development  should  focus  on  snowcKibillng,  hunting  and  cr<^s- 
country  skiing*. 
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Recommendations  provided  In  the  North  Dakota  SCORP  are  on  a  statewide 
level.  Trail  facilities,  (particularly  for  bicycling,  snowmoblllng  and 
jogging),  wintertime  facilities  and  parks  and  playgrounds  are  the  top 
facility  needs  Identified. 

Caution  Is  necessary  when  Interpreting  participation  data  presented 
earlier.  ^-lalysls  of  projected  participation  for  the  Red  River  of  the 
Nor'  '  based  on  regional  data.  The  two  regions  used  In  the  anal- 

>.  ‘  le  much  more  area  than  the  study  area  of  this  project.  Apply- 

•...  al  level  data  to  a  smaller  area  assumes  homogeneity  of  recrea- 
■  ,  ids  throughout  the  region.  This  Is  seldom  the  case  due  to  local 

population  concentrations,  popularity  of  certain  activities  and  the  sup¬ 
ply  of  facilities.  Sensitivity  to  these  Intra- regional  variations  Is 
important  to  properly  provide  for  recreation  needs  of  the  people. 


Analysis 

The  need  for  more  opportunities  for  trail  oriented  activities  In  the  Red 
River  area  seems  apparent.  Levee  structures,  due  to  their  lineality, 
lend  themselves  readily  as  a  resource  for  trall-orlented  activities. 
Acquisition  of  long,  narrow  land  parcels  for  public  use.  Is  becoming 
Increasingly  difficult  due  to  escalating  land  prices,  the  mmy  land- 
owners  Involved  and  the  pressure  for  keeping  valuable  land  in  agricul¬ 
ture.  A  levee,  with  flood  control  Its  primary  purpose,  allows  trail 
land  acquisition  and  development  to  be  more  appealing  and  relatively  in¬ 
expensive. 

Water-oriented  activities  of  high  popularity  in  the  area  can  be  provided 
in  association  with  levee  construction.  Provisions  for  more  popular 
water-based  activities  in  the  area,  such  as  swimming  areas,  boat/canoe 
launches  and  fishing  accesses,  may  be  incorporated  into  a  levee  design. 
Development  of  this  type  necessitates  a  location  very  near  the  normal 
shoreline.  Alternatively,  boat  ramps  and  access  roads  can  be  designed 
so  as  to  minimize  operation  and  maintenance  costs  in  an  area  of  frequent 
flooding. 

Popular  recreation  opportunities  not  trall-orlented  (e.g.  ,  baseball, 
sledding,  ice  skating),  may  be  provided  where  land  required  for  these 
actlvltes  is  available.  However,  there  is  no  clear  advantage  to  develop 
facilities  of  this  nature  in  association  with  levee  structures. 


Hllnnesota  SCORP,  1979,  p.  4.054. 
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POTENTIAL  RECREATION  AREAS 


Field  reconnaissance  and  study  of  aerial  photographs  reveal  ten  'jreas 
with  the  potential  for  development.  It  Is  Important  to  consider  these 
sites  as  Indicative  of  the  potential.  At  this  level  of  detail  It  Is  pos¬ 
sible  that  the  sites  could  be  moved  from  one  bank  to  the  other  or  to 
move  them  a  few  miles  up  or  downstream.  Preference  of  the  sponsoring 
body,  ease  of  land  acquisition  and  access  are  some  of  the  reason  that 
could  lead  to  shifts  In  location  of  a  specific  site. 

The  paucity  of  opportunities  for  water-oriented  recreation  resulted  In 
an  emphasis  on  boat  access-  fishing  access  and  camping.  It  Is  recog¬ 
nized  that  development  along  the  Red  River  of  the  North  needs  to  con¬ 
sider  the  special  problems  associated  with  frequent  flooding. 

With  these  points  In  mind,  ten  potential  recreation  areas  have  been  Iden¬ 
tified.  (Refer  to  study  area  maps  for  exact  locations.)  These  recrea¬ 
tions  areas  are: 

1.  Pembina  River.  Located  approximately  six  miles  west  of  the  1-29 
exit  at  Pembina,  North  Dakota.  The  site  Is  somewhat  narrow  with 
approximately  11  acres  available  for  development.  An  access  road 
would  be  needed  for  approximately  1/8  miles.  Camping,  picnicking 
and  a  small  play  area  could  be  accomodated.  Access  Is  along  the 
paved  highway  55.  (Map  Sheet  No.  1  of  16) 

2.  lhi'=!  site  Is  located  four  miles  south  of  Federal  Highway  75  in 
Kittson  County,  Minnesota.  The  site  covers  approximately  5  acres  of 
trees  along  the  right  bank  of  the  Red  River  of  the  North.  The  major 
drawback  is  that  access  is  over  four  miles  of  gravel  road.  Poten¬ 
tial  activities  or  facilities  include  fishing,  camping  and  a  boat 
ramp.  Because  of  the  quality  o'  access,  only  primative  or  tent 
camping  Is  recommended.  (Map  Shaet  No.  1  of  16) 

3.  North  Dakota  Highway  5  and  Minnesota  175  bridge  crossing  The  site 
Is  approximately  3  miles  east  of  1-29.  Both  banks  have  potential 
for  development,  but  the  left  bank  (North  Dakota  side)  offers  the 
best  area.  The  site  is  approximately  9  acres  of  large  deciduous 
trees  with  low  undergrowth.  The  site  could  be  developed  for  camping 
(both  trailer  and  tent),  picnicking,  boat  access,  fishing,  and  a 
play  area.  Showers  could  be  provided,  but  floodproofing  or  construc¬ 
tion  of  a  permanent  structure  within  the  floodway  present  severe  con¬ 
straints.  (Map  Sheet  Nc.  3  of  16) 

4.  This  site  Is  an  abandoned  farmstead  with  good  tree  cover.  The  site 
is  located  approximately  5  miles  north  of  Highway  11  along  Highway  7 
In  Minnesota.  The  site  (approximately  8  acres)  could  be  readily 
developed  for  camping,  picnicking,  fishing  and  boat  access.  A  small 
play  area  would  be  appropriate.  Acces.®  Is  vie  a  gravel  road.  There¬ 
fore,  development  to  accomodate  large  recreation  vehicles  Is  not 
recommended.  (Map  Sheet  No.  6  of  16) 
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5. 


Bridge  crossing  along  Highway  66  in  North  Dakota  and  Highway  11  in 
Minnesota.  Paved  access  roads  and  proximity  to  Drayton  (1.5  miles) 
make  this  site  attractive.  Approximately  two  miles  north  of  the 
site  is  a  low  dam  which  attracts  flshennen.  The  optimum  site  is 
north  of  the  highway  in  North  Dakota.  Camping  (both  trailer  and 
tent),  picnicking,  boat  access,  fishing  and  a  play  area  are  recom¬ 
mended.  Showers  could  be  provided,  but  floodway  delineation  and 
floodproofing  offer  significant  constraints.  Approximately  13  acr'" 
are  available.  (Map  Sheet  No.  7  of  16) 

6.  Bridge  crossing  of  North  Dakota  Highway  17  and  Minnesota  highway 
317.  Again,  the  bridge  crossing  provides  excellent  all  weather 
access.  The  optimum  site  is  again  north  of  the  highway  In  North 
Dakota,  (approximately  11  acres)  but  south  of  the  highway  on  the 
Minnesota  sides  offer  possibilities.  Because  of  the  access,  camping 
(trailers  and  tents),  picnicking,  fishing  and  boat  access  and  and  a 
play  area  are  recommended.  The  site  Is  less  deslreable  than  site  5 
above,  only  because  no  towns  are  nearby.  (Map  Sheet  No.  9  of  16) 

7.  This  location  is  actually  two  relatively  small  pieces  of  property  on 
either  side  of  the  river  near  Oslo.  The  location  offers  opportunity 
to  develop  camping  facilities  (trailers  and  tent)  now  absent  at  Oslo 
Municipal  Park.  The  Minnesota  side  (4  acres)  is  largely  open  with 
some  trees  to  the  north  and  is  highly  suited  for  camping.  The  North 
Dakota  side  is  smaller  by  comparison  (3  acres)  and  may  accomodate  a 
small  camping  area.  A  boat  ramp  could  be  located  on  either  bank. 

The  proximity  of  Oslo  offers  security  and  services.  (Han  Sheet  No.  13  of  16) 

8.  This  site  is  a  relatively  narrow  strip  of  property  (approximately  1 
acre)  along  the  North  Dakota  bank  about  2  miles  south  of  Oslo.  Boat 
access  could  be  provided  even  though  the  batiks  are  somewhat  steep  at 
the  site.  Fishing  would  likely  become  important  at  the  site. 
Several  picnic  tables  could  be  provided  but  space  is  not  sufficient 
for  a  designated  (shelters,  grills,  etc.).  (Map  Sheet  No.  13  of  16) 

9.  This  site  Is  located  along  the  Grand  Marais  River  in  Minnesota. 

Paved  access  is  via  County  Road  21  (Polk  County).  Dense  woodlots, 
approximately  10  feet  above  the  streambed,  make  this  site  attrac¬ 
tive.  The  area  east  of  the  highway  is  better  suited  for  recreation 
development.  Camping  and  picnicking  are  ideal  activities  for  this 
area.  Showers  and  .a  play  area  may  also  be  provided  if  warranted. 

This  site  covers  approximately  14  acres.  (Map  Sheet  No.  16  of  16) 

10.  Located  on  the  Minnesota  bank  this  site  is  2  miles  south  of  Site  9 
on  Highway  21.  Access  is  via  State  Highway  220  North  from  East 
Grand  Forks  to  County  Road  21.  A  short  spur  off  of  County  Road  21 
leads  into  the  area.  The  site  (approximately  12  acres)  is  composed 
of  dense  tree  groves  leading  to  two  farmsteads  one  quarter  mile 
apart.  The  proximity  to  East  Grand  Forks  (five  miles)  makes  this 
site  desirable  for  recreation.  However,  there  is  no  high  ground  or 
scenic  vistas.  Recreation  facilities  could  be  provided  if  proper 
consideration  is  given  to  floodway  delineation  and  floodproofing. 
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Boat  ramp,  camping  areas,  picnic  facilities,  showers  and  a  play  area, 
are  appropriate  for  this  area.  (Map  Sheet  No.  16  of  16) 
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RESOURCE-RELATED  CONCERNS 


1.  Damage  to  Recreation  Structures 

Special  care  must  be  taken  to  flood  proof  recreation  areas,  other¬ 
wise  small  items  not  anchored  will  be  swept  away  by  floodwaters. 
Further,  permanent  above-grade  structures  such  as  picnic  shelters 
and  play  equipment  trap  debris.  This  can  cause  water  to  back  up 
behind  the  blockage  and  can  cause  damage  to  the  structure  itself  if 
the  force  of  the  water  Is  sufficient.  Permanent  vault  toilets, 
shower  facilities  and  other  subsurface  structures  could  be  damaged 
by  a  flood-induced  rising  water  cable. 

Another  concern  is  the  effect  of  permanent  structures  on  the  level 
of  floodwaters-  Any  pei-manent  structure  blocks  floodwater  movement 
through  the  valley.  Wlien  the  structure  is  large  enough  and  when  it 
is  located  within  the  effective  flow  area,  the  water  surface  ele- 
vatio!  will  increase  locally  because  of  the  blockage.  For  this 
reason,  the  Federal  Flood  Insurance  Program  and  Corp  of  Engineers 
regulations  discourage  placement  of  permane-it  structures  In  tiie 
effective  flow  area.  Consequently,  actual  design  of  recreation 
areas  requires  consideration  of  these  hydrologic  and  hydraulic  fac¬ 
tors. 

2.  Sediment  Deposition  and  Erosion 

During  floods  large  quantities  of  sediment  ire  deposited  on  the  over¬ 
bank  areas.  Erosion  can  take  place  in  other  areas,  particularly 
alo.ig  the  banks-  When  recreation  areas  are  inundated,  operation  a'li 
maintenance  problems  are  created.  Sand,  silt,  clay  and  de’-iis 
deposited  on  boat  ramps,  access  roads,  camping  pads  and  within 
picnic  areas  make  the  facilities  jnv'seable  until  cleanup  is  conduct¬ 
ed. 

Ev^^lon  can  be  anticipated  to  be  greatest  nearest  the  channel  and 
river  banks.  Thus,  boat  ramps  are  particularly  susceptible  to 
damage  by  floodwaters.  It  should  also  b-e  remembered  that  rivei  chan¬ 
nels  natural Ij  migrate  across  the  floodplain.  Over  many  years,  chan¬ 
nels  can  shift  Cv.'.siderable  distances  when  cut  into  soft,  erodibla 
sediment.  This  r  ‘  process  leads  to  erosion  of  recreation  areas 

that  are  placed  i  .le  wrong  location.  Proper  location  is  importanc 
and  will  be  the  subject  of  a  later  section. 

3.  Vegetation  Damage 

Extent  of  damage  to  vegetation  depends  on  the  hardiness  of  the 
species.  Many  types  of  ^fegetation  will  be  lost  or  severly  damaged 
when  submerged  for  extended  periods  of  time.  Many  plant  species 
will  survive  short  flood  durations  (several  days)  and  will  regener¬ 
ate  by  the  end  of  the  season. 


The  effective  flow  area  is  that  part  of  the  river  channel  and  over¬ 
bank  area  needed  to  convey  the  floodwater  without  a  significant  increase 
In  elevation.  This  effective  flow  area  Is  called  the  floodway. 
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In  addition,  species  native  to  the  local  floodplains  are  generally 
adapted  to  withstand  periodic  Inundation.  Thus,  the  effect  on 
native  species  is  minimal. 

4.  Locating  Recreation  Facilities  Where  a  Need  Exists 

Activity  participation  data  Is  supplied  on  a  statewide  and  regional 
basis  for  the  Red  River  of  the  North  area.  Demand  for  activities  at 
the  local  level  may  differ  substantially  with  regional  demand.  Rec¬ 
reation  need  assessments  not  sensitive  to  local  use  char-acterlstics 
may  result  in  misplaced  or  Inappropriate  facilities. 
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RECREATION-RELATED  GUIDELINES 


Following  Is  a  list  of  recreatloit-related  guidelines  for  use  when  assess¬ 
ing  levee  alignment  and  design.  The  recreation  resource  concerns  stated 
in  the  previous  section  are  the  base  for  these  guidelines.  Where  appro¬ 
priate,  references  will  be  made  to  conceptual  illustrations  which  depict 
key  levee-oriented  recreation  concepts. 

1.  Permanent  facilities  located  within  the  floodway  should  be  flood 
proof. 

Facilities  that  can  withstand  flooding  relatively  well  are  poured 
concrete  surfaces.  These  would  Include  boat  ramps,  parking  areas 
and  bases  for  picnic  shelters  (Figure  1).  In  addition,  picnic 
tables  made  of  concrete  and  anchored  by  being  set  in  concrete  or 
bolted  down  also  protect  the  capital  investment-  However,  concrete 
and  bituminus  surfaces  are  resistent  to  erosion  and  relatively  easy 
to  clear.  Wood  picnic  tables,  on  the  other  hand,  float  away  if  not 
secuied  to  the  ground  and  also  are  subject  to  water  damage.  Certain 
types  of  trail  surface  can  also  withstand  flooding.  It  should  be 
noted  that  no  structure  will  survive  constant  flooding  reoccur¬ 
rences. 

1.  Temporary  (moveable)  facilities  (Figure  2),  should  be  used  if 
cevelopms:;t  In  a  floodway  is  necessary. 

Items  such  as  picnic  tables,  small  picnic  shelters,  barbeque  grills 
and  portable  toilets  can  be  moved  when  a  flood  is  expected. 

3.  Locate  facilities  on  protected  side  of  levee  (Figure  2). 

This  is  the  easiest  solution;  flooding  of  facilities  would  not  be  a 
concern  during  floods  equal  to  or  lower  than  levee  level  of  protec¬ 
tion.  However,  a  design  of  this  nature  is  often  not  feasible  due  to 
land  availability  and  desired  proximity  to  the  water.  An  alterna¬ 
tive  is  to  locate  facilities  not  flood  proof  on  the  protecte.d  side 
of  the  levee  with  flood  proof  facilitltes  in  the  floodplain.  This 
of  course  would  depend  on  levee  location,  height  and  design. 

Trails  can  be  located  atop  a  levee  (Figure  3). 

A  flood  proof  surface  would  not  be  necessary  with  this  design  lO 
withstand  floods  equal  to  or  below  the  designed  level  of  protection. 
Trees  and  dense  shrubbery  can  be  planted  to  minimize  wind.  Wind 
breaks  are  especially  important  tor  winter  trail  use  activities. 

5.  Recreation  facilities  must  be  located  where  the  need  exists. 

Regional  participation  and  future  demand  data  must  be  adjusted  to 
meet  the  local  needs  and  Interests.  Local  planners  and  managers  of 
recreation  facilities  can  aid  in  planning  appropriate  recreation 
opportunities. 
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6. 


Location  of  Facilities  to  Minimize  Erosion  and  Sedimentation 
Problems. 


Figure  5  Illustrates  a  typical  meander  on  a  river  like  the  Red  River 
of  the  North.  The  course  of  the  river  typically  Is  composed  of  a 
series  of  tight  meander  loops.  At  each  end,  the  channel  Is  shallow¬ 
est  on  the  ‘Inside  of  the  bend,  (section  1  point  A)  and  deepest  on 
the  outside  of  the  loop  (point  B).  Similarly,  erosion  Is  greatest 
at  point  B  and  deposition  greatest  at  point  A.  -Between  the  bends 
(section  2),  the  channel  Is  more  uniform.  During  flood  both  banks 
are  susceptible  to  erosion,  but  point  D  tends  to  experience  more 
erosion  point  C.  In  addition  to  the  natural  tendency  for  the  river 
channel  to  migrate  from  point  A  to  B,  the  entlj-e  loop  tends  to 
migrate  downstream.  That  Is,  the  right  bank  experiences  net 
erosion;  the  left  bank  net  deposition  (in  this  example).  These 
basic  principals  are  very  important  to  location  of  recreation  areas 
on  a  free  flowing  meandering  river  cut  into  soft  sediment. 

Thus,  to  avoid  problems  generated  by  erosion,  the  optimum  locations 
are  A  and  C.  (All  locations  are  susceptible  to  problems  generated, 
by  deposition.  )  Thus,  boat  ramps  should  be  located  as  close  as 
possible  to  point  C.  If  located  at  point  A,  shoaling  may  make  the 
ramp  unuseable  during  periods  of  low  water.  By  the  same  token, 
facilities  located  at  B  and  D  will  experience  erosion  problems  over 
many  years.  Trails  can  be  located  on  either  bank,  but  the  set  back 
on  the  right  bank  must  be  greater  than  on  the  left  bank.  Camp¬ 
grounds,  pic  lie  areas  and  play  areas  are  best  located  on  the  left 
bank.  Erosion  is  less,  although  sediment  deposition  will  occur 
during  floods. 

To  suamerize,  the  follow  general  morphological  principles  apply  to  a 
river  like  the  Red  River  of  the  North: 

1.  Deposition  will  occur  on  both  banks,  but  will  be  greatest  on  the 
Inside  of  a  meander  loop  (Point  A). 

2.  Erosion  during  flood  will  occur  on  both  banks,  but  will  be 
greatest  on  the  left  bank  (Point  B)  and  to  a  lesser  extent  in 
D). 

3.  The  Inside  of  a  meandei  loop  tends  to  have  a  shallow  bar,  that, 
during  low  water,  restricts  boat  access. 

Location  of  facilities  should  generally  be  as  follows: 

1.  Boat  ramps:  avoid  both  sides  of  the  bend  In  the  meander  loop. 

Opt  for  the  straight  reach  between  bends.  Favor  the  left  bank 
over  the  right  barJt  when  the  straight  reach  follows  a  bend  to 
the  left  as  In  Figure  5.  When  the  straight  reach  is  preceeded 
by  a  bend  to  the  right,  favor  the  right  bank. 


*Io  determine  the  right  and  left  bank,  face  downstream.  The  right 
bank  Is  on  the  right,  the  left  bank  is  on  the  left. 

17 


E-21 


Figure  5 
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2.  Campgrounas  and  picnic  areas:  avoid  the  right  bank  (in  a  situa¬ 
tion  similar  to  Figure  5.)  unless  there  is  sufficient  room  for 
adequate  Sc.  back.  Adequate  set  back  can  be  computed  if  the 
annual  rate  of  erosion  is  known.  Opt  for  the  left  bank  wherever 
possible.  The  inside  of  the  meander  bend  is  optimum,  although 
deposition  will  be  a  problem. 

3.  Trails:  locate  on  either  bank,  but  the  set  back  must  be  greater 
on  the  right  bank  than  on  the  left  bank,  if  the  situation  is 
similar  to  that  of  Figure  5.  (The  set  back  must  be  greater  on 
the  left  bank  for  river  bends  turning  right.  ) 
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IMPACTS  OF  LEVEES  ON  RECREATION  FACILITIES 


Existing  Levees 

The  levees  presently  associated  with  the  Red  River  of  the  North  may  have 
an  Impact  on  potential  recreation  facilities.  Where  levees  are  located 
in  potential  recreation  areas  an  assessment  should  be  made  regarding  the 
compatabllity  of  levee  dimensions  and  alignment  with  the  planned  facili¬ 
ties.  For  example,  boat  ramps  may  not  be  compatable  with  levees  near 
the  normal  shoreline.  Conversely,  picnlnc  areas  and  trails  maybe  en¬ 
hanced  by  the  levee  related  contour  changes. 


Recreation  planning  near 
activities  in  Che  area.  L 
possibility  of  providing  cert 
native  recreation  facllit 
and  financing  may  make  de 
to  provide  recreation  oppcrtu 


existing  levees  must  consider  the  demand  for 
ocation  of  existing  levees  may  eliminate  the 
ain  facilities  at  a  given  location.  Alter- 
ies  must  then  be  considered.  Available  land 
velopner.t  appealing,  but  it  is  not  advisable 
nities  where  no  need  exists. 


Proposed  Levees 

Proposed  levee  alignment  may  have  an  impact  on  existing  and  potential 
recreation  facilities.  Access  roads  to  existing  areas  may  be  severed  or 
portions  of  the  actual  recreation  area  obstructed  due  to  levee  location. 
Also,  levee  alignment  close  to  the  normal  shoreline  may  hamper  use  of 
existing  facilities  associated  with  the  river.  Fishing  accesses  or  boat 
ramps  nay  be  rendered  unusable.  The  extent  of  the  impact  will  depend  on 
levee  alignment  and  design. 

The  aesthetic  quality  of  the  river  environment  may  also  be  affected. 
River  scenery  viewed  from  existing  roads  or  walkways  may  be  blocked  due 
to  levee  placement.  .Also,  a  levee  constructed  near  the  normal  shoreline 
will  alter  the  visual  quality  of  the  river  environment. 

Positive  impacts  can  result  by  Incorporating  levees  into  recreation  plan¬ 
ning.  Contour  changes  provided  fay  levees  can  enhance  a  recreation  area 
by  adding  dimension  and  variety  in  topography.  Visual  and  audible  char¬ 
acteristics  of  certain  activities  can  be  minimized  by  effective  levee 
placement — making  a  wider  variety  of  activities  possible  in  a  given 
area.  Consideration  must  be  given  to  floodproof Irig  facllilties  located 
on  the  river  side  of  the  levee. 

Potential  recreation  facilities  may  also  be  affected  by  proposed  levee 
alignment.  The  concerns  discussed  in  the  preceeding  paragraphs  apply, 
but  here  both  recreation  facilities  and  levee  structures  are  in  the  plan¬ 
ning  stages.  Impact  to  recreation  areas  can  be  minimized,  if  not  elimi¬ 
nated,  by  integrating  recreation  plans  with  levee  design  and  alignment. 
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SITE-SPECIFIC  POTENTIAL  IMPACTS 


Existing  and  potential  recreation  facilities  have  been  assessed  regard¬ 
ing  possible  Impact  due  to  the  four  flood  control  alternatives  beii^ 
considered.  This  Is  a  tentative  assessment  In  that  exact  locations  of 
proposed  levee  alignments  and  possible  recreation  areas  have  not  yet 
been  determined. 

The  following  paragraphs  briefly  discuss  potential  site-specific  Impacts 
of  levee  additions.  The  criteria  used  to  determine  which  areas  may  be 
impacted  Is  proximity  of  existing  and  proposed  levee  alignments  to  exist¬ 
ing  and  proposed  recreation  areas.  The  planning  process  is  In  the  concep¬ 
tual  stages.  As  planning  progresses  and  additional  data  becomes  avail¬ 
able  potentially  impacted  sites  may  Incur  only  slight  or  no  adverse 
effects  due  to  levee  alignment.  However,  the  degree  of  Impact  at  each 
site  cannot  be  determined  at  this  time. 


Alternative 

The  equal  setback  levee  concept,  where  levees  would  be  constructed  to 
match  existing  levees  on  opposite  banks,  may  have  an  Impact  on  Potential 
Site  8  (see  map  13).  Levees  currently  exist  on  the  North  Dakota  baric 
across  from  these  sites.  Addition  of  levees  on  the  Minnesota  side  to 
follow  the  curves  of  existing  North  Dakota  levees  may  cut  across  these 
sites  and  reduce  their  recreation  potential. 

Alternative 

Another  alternative  Is  to  locate  levees  to  meet  Norm  Dakota's  and 
Minnesota's  lOO-year  flood  protection  criteria.  If  undertaken,  this 
alternative  may  impact  two  existing  sites:  Drayton  Municipal  Park  airi 
Drayton  Municipal  Golf  Course  (see  map  7).  These  areas  are  on  an  eleva¬ 
ted  location  just  above  the  100-year  floodplain.  Site  l,a  ix>tentlal 
recreation  area  near  the  Pembina  River  may  also  be  lmpacted(see  map  1). 

Alternative 

The  third  action  alternative — to  re-allgn  existli^  levees  where  neces¬ 
sary  and  equalize  the  length  of  opposing  levees — may  have  an  Impact  on 
proposed  Sites  7  and  8  (see  map  13).  Levees  added  on  the  Minnesota  bark 
to  match  existing  or  renovated  alignments  on  the  North  Dakota  side  may 
cut  across  the  potential  recreation  areas. 
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The  fourth  alternative,  "No  Action",  Involves  no  levee  construction  or 
modification.  Under  this  situation  no  additional  impacts  of  existing 
levees  to  existing  and  proposed  recreation  areas  will  occur.  Present 
levee  alignments  are  not  having  an  Input  on  existing  recreation  facili¬ 
ties  In  the  study  area. 
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COST  ESTIMATES 


I 
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Construction  cost  estimates  for  recreation  facilities  discussed  earlier 
are  presented  in  Table  5.  Several  factors  Influence  to  a  large  degree 
the  cost  of  these  facllltes.  These  are:  transportation  distances,  local 
economics,  pre-construction  site  preparation,  project  scope,  facility 
specifications,  and  the  local  construction  market.  Fluctuation  in  any 
of  these  areas  can  cause  cost  estimates  to  not  be  a  true  Indication  of 
actual  costs.  The  purpose  of  providing  these  estimates  Is  to  give  some 
idea  as  to  approximate  costs.  The  prices  In  Table  5  must  be  Interpret¬ 
ed  as  guidelines  only.  Actual  costs,  or  even  preliminary  cost  esti¬ 
mates,  must  be  calculated  where  pricing  factors  can  be  more  accurately 
determined. 

It  must  be  made  clear  that  the  figures  In  Table  5  do  not  include  costs 
associated  with  consultants,  test  borlrgs,  permits,  administration  or 
contingencies.  Price  estimates  were  provided  by  two  public  agencies  who 
provide  recreation  facllltes.  Park  planning  guideline  manuals  were  also 
consulted.  Prices  not  in  cuurent  dollars  were  adjusted  by  using  a  con¬ 
struction  cost  Index  and  therefore  may  not  have  accounted  for  unforeseen 
charges  In  the  general  economy  and  cons tuct Ion  industry. 


TABLE  5 

RECREATION  FACILITY  COST  ESTIMATES 


Item 

Parking  Lot  (Bituminous) 

Access  Road  (10''-12') 

Bicycle  Path  (paved,  with  shoulder  &  grading) 

Boat  Ramp* 

Cross  Country  Trail 
Snowmobile  Trail 
Hiking  Trail  (wood  chip) 

Campsite  (developed) 

Horeseshoe  Pits* 

Picnic  Shelter(w/cement  base)* 

Play  Structure  (full-scale  wood) 

Picnic  Table* 

Cooking  Grate* 

Trash  Receptacle 

Water  Fountain  (full,  handicapped) 

Bath  House 
Vault  Toilet* 

Flush  Toilet  (mens  &  womens)* 

Beach  Sand* 

Water  Line  (1-1/2") 

Sewer  Line  (8") 

Electrical  Line  (underground) 

*  based  on  one  estimate  N/A  estimate  not  available 
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Cost  ($)o 
13-29  yd^ 
40  1ft 
6-12  1ft 
11,500  ea. 
"minimal" 
"minimal" 
N/A 

2200-2800  ea. 

600  pr. 
33,800  ea. 

16,000-83,000  ea. 

150  ea. 
85  ea. 
2-67  ea. 
1800  ea. 

58,000-94,000  ea. 

5000  pr. 
41,000  ea* 
6  yd 
4-16  1ft 
11-17  1ft 
10-13  1ft 
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MINNESOTA  DEPARTMENT  OF  NATURAL  RESOURCES,  7  AUGUST  198.1  F-1 

NORTH  DAKOTA  STATE  WATER  COMMISSION,  18  SEPTEMBER  1981  F-4 

NORTH  DAKOTA  STATE  WATER  COMMISSION,  26  FEBRUARY  1982  F-7 

MINNESOTA  DEPARTMENT  OF  NATURAL  RESOURCES,  27  APRIL  1982  F-10 


P-1 


iiMi'i..  'aifJtiTr’Tii'prrsi^ 


STATE  OF 
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t  department  of  natural  resources 

BOX  ,  CENTENNIAL  OFFICE  BUILDING  •  ST.  PAUL,  MINNESOTA  •  55155 


DNR  INFORMATION 
(612)  296-6157 


FILENO.. 


August  7,  1981 


Mr.  Ver.non  Fahy,  State  Engjltieer 
North  Dakota  State  Water  Ccnmssion 
State  Office  Building 
900  Ecist  Boulevard 
Bis-Torck,  North  Dakota  58503 

Dear  Mr.  Fahy: 

RED  RI\?ER  AGRICuLlBRAL  DIIOS  COJE^vECTIVE^PIAia 

'  I 'm  s’-ire  you  have  been  kepi:  apprised  of  the  progi-ess  of  the  alx>ve  effort 
and  that  the  local  v/ater  rnanagarent  entities  have  not  )x*en  able  to  agree  on 
a  corrective  plan.  I  do  believe/  hoivever/  that  the  local  board  negotiators 
have  been  conscie^rticus  and  diligent  .in  their  efforts  to  reach  an  agreesrent 
and  that  tlie  ireeti-igs  have  been  successful  in  resolving  nuirerous  areas  of 
co.ccern  beb./sen  the  local  boards. 

Tne  inrlvary  issue  ’.vtiich  has  not  been  resolved  is  the  dscjres  of  protection  that 
\vouid  be  afforded  by  the  corrective  plan.  At  the  present  tiirs/  the  local 
boarfi.v  of  North  Dfikota  ad'.'ocate  35/000  cfs  protection  v;.ith  on  apparent  v;illingn.=;3o 
to  ccvprcfnise  on  39,000  cfs.  Tn-a  Middle  River-Snake  River  tfatc’xshed  Distirict  in 
Mirxesota  ach/ocates  a  irdrijmui'n  43,000  cfs  level  of  protrxrticn,  as.sxrrdng  egual 
protection  on  tiie  North  DaJ^ota  side-  'ihe  key  point  i:>  that  both  sides  appear 
to  have  relaxed  tlieir  hiard-line  positions  of  in  the  past:  one  side  insisting 
that  the  Minnesota  dil:es  be  carpletely  reitoi-ed,  end  the  Gtlier  opposing  any 
lc^-;ering  of  the  e:<istn-;g  di3;e5  \>hatsoeysr.  In  siaple  terns,  local  interests 
in  North  Dalcota  are  ncx?  requesting  that  the  Minnesota  diJees  be  lG,-*-ered  an 
av^age  of  4  feet  v/itii  sore  possibility  of  corpresnising  on  a  3.5-fact  reduction. 

The  Middle  River-Snake  River  Watershed  District  is  at  Biis  point  willing  to 
accept  a  1,5-fcot  a\^rege  lavering.  (Note:  Ihe  tena  "average  lo.-sring" 
refers  to  an  approximate  aritiinetic  mean  for  the  entire  diked  reach  and  iaplies 
neither  that  Ici-.'ering  of  the  amcxsnt  v/ill  occix  at  each  cress  section,  ncs:  that 
soie  lindted  raising  of  certain  diJeed  areas  will  not  occur) . 

Ea:ause  local  agreensnt  on  ths^e  issues  is  not  j-et  carp.lete,  I  believe  air 
respective  agencies  have  an  oblig.ation  to  attesrpt  to  arr.lve  at  a  solution  with 
which  the  local  boards  esn  ctgree-  /kccordingly,  the  follo.-.’ing  proposal  .is 
subinittod  for  your  considerat.io'i: 

1,  That  co:»istent  v?.lth  tlie  orporienced  1975  rain-caused  flood,  the 
degree  cf  protection,  be  based  upoi  a  discharge  of  43,000  cfs,  vhich 
closely  approxiirscites  a  10-year  fregucjicy  flood.  We  fii^  little  basis 


AN  EQUAL  OPPORTUNITY  EMPLOYER 


wminiftiiii  wiiitiitimitmwiroro  w 


Vernon  Faliy 
^mi3t  7,  1981 


for  reducing  the  hydrologic  design  bela.v  the  experienced  suntrer 
flood  discharge  frcni  wtiich  fanrers  cn  bo-li  sides  of  the  river 
set  oat  to  pjrotect  thanselves  vihen  dike  construction  vjas  first 
initiated. 

2-  Ihat  the  corrective  plan  provide  for  the  rennval  of  "points"  or 
other  bottlenecks  vhich  v;ill  irprove  the  hydraulic  efficiency 
of  the  levee  systcsn  and  provide  for  better  flav  distribution. 
Tnis  action  alone  can  l0/,-er  flood  stages  up  to  one  foot  vrith 
levees  on  both  sides  or  up  to  0-5-fooh  v/ith  levees  on  one 
side  only. 
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rnat  in  recognition  of  the  tributari'^caused  difficulty,  if  not 
ir^xssibility,  of  providing  a  reasonable,  practical,  and 
Gconcaiical  di^ce  systeni  for  this  reach  of  the  Red  River  on  the 
North  Dakota  side,  and  consistent  v;ith  the  position  nost 
recently  taken  by  the  affectel  boards  that  diking  in  North  Dakota 
v;ill  and  is  dirdnisliing  rather  than  increasing,  appropriate 
consideration  be  given  to  the  Section  J  Exception  to  the  criteria 
of  the  Joint  and  Cooperative  fjgreensnt  between  our  respective 
states  vaiich  prox'ides  for  reasonable  acccfrodations  to  the  hard 
and  fast  application  of  the  criteria.  Such  an  approach  is  all 
the  nore  v;arranted  v.hen  one  considers  that  the  technical  evaluation 
assmss  noneffective  flav  curea  landvrarc  of  and  telow  the  Minnesota 
dikes,  v^ile  givirig  full  credit  for  the  undiked  ov-arbank  areas 
in  North  Da/:ota-  In  reality,  roadi'Sys,  drivcvjays,  and  spoil 
banlcs  detract  frem  the  carrying  capacity  of  these  overbank  areas, 
v.Tiich  is  not  censidared  the  nocfel.  Inis  vrwld,  with  43,000  cfs,  - 
provide  for  an  average  2.5-foot  reduction  in  levee  height. 


4-  "mat  in  order  to  simplify  contracting  procedures  for  the  dislxjrsenisrjt, 
of  Minnesota’s  legislative  apprepriatim  for  dike  irodification  ana 
to  prer/ide  for  effective  day-to-day  administration  of  the  dike 
systesa,  efforts  be  mde  to  establish  the  corrective  plcin  as  a  - 
watershed  district  project  rather  than  an  analgainaticxi  of 
separate  paroperty  ovners. 


I’m  certain  jou  v?ill  agree  that  the  aforenantioned  ?750,000  appropriation  for 
state  cost  sharing  to  iinplersent  the  corrective  plan  thrcxvgh  this  Divisicri  £ind 
the  Middle  River-Snake  Hiver  Watershed  District  is  a  very  jositive  step. 
Hopefully,  through  cur  efforts  at  th.e  state  level,  ulrinate  ccr6::arrox:e  of  the 
local  bojirds,  which  is  so  n-esessary,  will  be  achieved. 
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Hy  staff  suggests  that  if  vovl  concur  v/ith  the  suggesred  43,GG0-cfs  level  of 
protection/  a  tschnical  representative  frar«  each  stare  ard  the  Corps  of 
Engineers  icepare  a  technical  report  on  the  hydraulic  analyses,  including  all 
£3SSu.mption3,  prior  to  our  discirjsioa  of  paints  2  through  4*abave- 

Please  advise  me  of  yoar  thoughts  in  the  iratter. 


Sincerely, 

y  _ 

Lkrry  Ss^ijoio- 
Dis^tck^^ 

LS/jl  • 


Brattjsiwwww 
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Septatber  18,  1981 


Dirry  Seyinour,  Director 
Division  of  Vfeters 
Departiient  of  Natural  Resources 
C^tennial  Office  aiilding 
Box  32 

St.  Paul,  I'iinnesota  55155 
RS:  SvvC  Project  File  #1633 
Dear  Mr.  Sei-nour: 

Itiis  is  in  response  to  your  letter  dated  August  7,  1981,  concerning  the 
efforts  to  develop  an  acceptable  corrective  plan  for  the  Red  River 
agricaltural  dikes,  and  thus  inpleient  the  Februars',  1980  agreement 
between  North  Dakota  and  Minnesota.  I  have  also  been  k^t  apprised  of 
this  effort,  and  \iMle  I  am  hcpeful  that  can  reK)lve  this  matter  in 
the  very  near  future,  I  am  disappointed  that  the  local  water  iranagsnsnt 
entities  Java  not  teen  able  to  agree  on  a  corrective  plan. 

You  indicate  in  v^ur  letter  that  the  degree  of  protection  that  vx>uld  be 
afforded  by  the  corrective  plan  is  the  primarx-  unresolved  issue.  You 
also  indicate  that  tie  local  boards  of  North  Dakota  advocate  35,000  cfs 
prot^rtien,  with  a  willingness  to  caipranise  on  39,000  cfs  protection, 
ard  tlat  the  Minnesota  local  boards  advocate  a  niininsm  of  43,000  cfs 
protection,  assuming  equal  protecticai  on  the  North  Dakota  side.  Ycu 
state  that  since  the  local  w^ter  raanagesent  entities  have  ix)t  been  able 
to  resolve  this  issue,  our  regjective  state  agencies  teve  an  obligation 
to  arri\^  at  a  nutually  acceptable  soluticn.  You  thai  submit  a  parc^osal 
for  our  consideration. 

First  of  all,  I  strongly  siipport  all  efforts  by  our  respective  states 
agencies  to  resolve  this  matter  as  soon  as  possible,  in  a  manner  which 
is  ax^table  to  tte  Icxal  interests  cxi  both  sid^  of  tte  river-  In 
tlat  regard,  I  stand  reac^  bo  give  this  matter  vigorous  and  foranicst 
atbQiticHi,  to  ensure  settlenent  as  soon  as  possible.  I  will  ^dress 
each  ccnponent  of  year  prcpcsal  s^)arately.  The  first  paragraph  of  your 
proposal  prDvi<fes: 


Larry  Seymour 
Septesiiber  18,  1981 
Page  2 


"1.  That  consistent  with  the  experienced  1975  rain-caused  flood, 
the  degree  of  protection  be  based  upon  a  discharge  of.  43,000  cfs, 
which  closely  approxijtates  a  10-year  frequency  flood.  We  find 
little  basis  for  reducing  the  hydrologic  design  below  the  experienced 
sunmer  flood  discharge  from  which  fanners  on  both  sides  of  the 
river  set  out  to  protect  thenselves  v^en  dike  construction  was 
first  initiated." 

The  43,000  cfs  discharge  is  approximately  a  IG-year  frequency  flood, 
however,  the  1975  rain-caused  summer  flood  which  was  recorded  at  approxiitately 
43,000  cfs  in  the  Oslo  area,  was  the  largest  sunmer  flood  of  record,  far 
in  excess  of  a  100-year  summer  flood. 

A  review  of  the  Corps  hydrologic  analysis  indicates  that  43,00.0  cfs 
protection  for  the  Minnesota  side  only  would  result  in  a  top  of  levee 
elevation  of  approxiitately  one  (1)  foot  above  the  observed  1975  flood 
level,  and  equal  protection  for  both  sides  would  require  a  top  of  levee 
elevation  of  two  (2)  to  three  (3)  feet  above  the  1975  observed  flood 
level.  35,000  cfs  protection  for  the  Minnesota  side  only  would  require 
a  top  of  levee  elevation  at  the  approxinate  1975  observed  flood  level. 

Since  you  agree  that  it  would  be  impossible  for  the  North  Dakota  farmers 
to  provide  the  same  degree  of  protection  as  the  Minnesota  farmers,  I 
find  little  basis  for  any  plan  that  would  allow  a  top  of  levee  elevation 
above  the  observed  flood  level  of  the  1975  sunmer  flood,  this  being  the 
level  farmers  on  both  sides  of  the  river  initially  attempted  to  provide 
protection  for.  Agreanent  on  a  plan  v^ch  would  allow  the  levees  to  be 
higher  than  the  1975  level  would  result  in  widespread  d?'  .  ^s  on  the 
North  Dakota  side.  The  original  intent  of  the  farmers  v,  '  'cnstructed 
the  levees  was  to  protect  themselves  against  an  extremely  rare  sunmer 
flood.  This  being  the  case,  it  is  not  equitable  to  allow  construction 
of  levees  intended  to  protect  against  such  a  rare  summer  occmnrence, 
which  also  results  in  severe  damages  on  an  almost  annual  basis  upon  the 
occurrence  of  spring  floods. 

Your  second  paragraph  proposes  that  bottlenecks  be  ronoved.  I  agree 
with  the  concept  that  the  corrective  plan  p>-ovide  for  the  ronoval  of 
"points"  or  other  bottlenecks  to  inprove  the  hydraulic  efficiency  of  the 
leyee  system  and  provide  for  better  flow  distribution.  The  extent  to 
v/hich  this  action  mil  laver  flood  stages  will  have  to  be  determined  as 
the  specific  bottlenecks  are  identified.  It  is  ray  understanding  that 
the  local  interests  also  support  this  concept.,  and  if  so,  the  corrective 
plan  can  specifically  delineate  those  points  or  bottlenecks  to  be  removed. 

I  also  agree  that  appropriate  consideration  should  be  given  to  the 
Section  J  Exception  to  the  criteria  of  the  Joint  and  Cooperative  Agreanent 
tetween  our  respective  states.  The  proposal  I  have  presetned  takes  thit 
into  consideration  since  the  resulting  iapact  on  the  100-year  flood  is 
much  greater  than  the  allowable  agreed  upon  one-half  foot. 
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Finally,  to  simplify  contracting  procedures  and  for  effective  day-to-day 
administration  of  the  levee  systan,  you  suggest  that  efforts  be  mde  to 
establish  the  corrective  plan  as  a  watershed  district  project  rather 
than  an  amalgamation  of  separate  property  owners.  It  has  alvra,ys  been  ity 
intention  that  the  NOrtli  Dakota  portion  of  the  corrective  plan  vrould  be 
a  Water  Resource  District  project.  This  approach  clearly  provides  the 
most  efficient  and  practical  method  of  inplenenting  the  corrective 
plan. 

I  am  willing  to  allav  the  level  of  protection  to  be  increased  frcm 
35,000  cfs  to  39,000  cfs,  as  have  the  local  \^ater  management  entities. 

I  also  agree  that  if  you  concur  with  the  suggested  39,000  cfs  level  of 
protection,  a  technical  representative  fron  each  state  and  the  Corps  of 
Engineers  prepare  a  technical  report  on  the  hydraulic  aialysco,  including 
all  assunptions. 

In  conclusion,  I  restate  that  I  am  anxious  to  piursue  this  matter  to 
appropriate  resolution.  Since  we  are  not  able  to  fully  accept  your 
proposa} ,  it  is  suggested  that  we  meet  to  discuss  this  matter  on  October 
20  oi  Dctober  27 .  A  mutually  agreed  to  meeting  location  can  be  selected 
at  a  later  time.  Hopefully,  one  of  these  dates  will  be  convenient  for 
you  and  your  staff. 


SiiK:erely, 


Vem  Fahy 
State  Engineer 


VF:MD;DAS:ps 
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William  W.  Badger,  Colonel 
St.  Paul  District  Corps  of  Engineers 
1135  U.S.  Post  Office  §  Custom  House 
St.  Paul,  MN  55101 

RE:  SWC  Project  #1658 

Dear  Colonel  Badger: 

Thank  you  for  the  opportunity  to  review  the  draft  Technical  Information 
Report  on  the  Red  River  of  the  North  Mainstem.  The  St.  Paul  District  is 
to  be  commended  for  the  time  and  energy  put  into  the  development  of  this 
document.  We  believe  the  final  report  will  be  quite  fimctional  and 
valuable  for  our  needs.  Furthermore,  the  way  in  which  the  report  was 
put  together  makes  it  very  easy  to  use. 

Based  on  our  review,  we  have  the  following  comments  to  offer.  In  the 
introduction  to  the  report,  it  is  indicated  that  in  early  1980  the 
Governors  of  Minnesota  and  North  Dakota  agreed  on  levee  criteria  and 
that  the  primary  requirement  is  that  the  levees  may  not  increase  the 
stage  of  the  100  year  flood  on  the  Red  River  by  more  than  1/2  foot.  The 
emphasis  that  this  is  the  primary  requirement  is  quite  important,  but  it 
should  also  be  pointed  out  that  Section  J  of  the  Agreement  does  allow 
exceptions  to  the  1/2  foot  criteria.  It  was  under  the  authority  of 
Section  J  that  the  local  Watershed  District  in  Minnesota  and  the  Water 
Resource  Districts  in  North  Dakota  attempted  to  develop  a  compromise 
solution  for  the  existing  ricultural  levees.  Mention  is  also  made  in 
the  introduction  of  the  cooperation  with  the  Premiere  of  Manitoba.  It 
should  be  stressed  that  involvement  of  the  Manitoba  government  was  very 
limited,  and  that  the  agreement  has  not  been  approved  by  Manitoba. 

In  the  section  entitled  "Analysis  of  Existing  Agricultural  Levees  and 
Proposed  Modifications",  there  is  discussion  on  increased  flow  velocities 
caused  by  the  levees,  resulting  in  the  potential  for  increased  erosion. 

It  should  definitely  be  pointed  out  that  a  considerable  amount  of 
erosion  on  the  North  Dakota  floodplain  has  taken  place  downstream  from 
Oslo  since  the  construction  of  the  levees.  The  increased  flow  velocities 
caused  by  the  levees  as  well  as  t'le  additional  water  diverted  onto  the 
North  Dakota  side  have  been  the  cause  of  this  increased  erosion. 
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In  this  section  it  is  also  pointed  out  that  in  reaches  3  and  4,  a  much 
greater  number  of  farmsteads  in  Korth  Dakota  compared  to  the  number  of 
farmsteads  in  Minnesota  have  been  protected  by  ring  levees.  Tnis  clear¬ 
ly  indicates  the  awareness  of  the  increased  flooding  due  to  the  agri¬ 
cultural  levees  as  well  as  the  concern  of  the  local  landowT.ers  relative 
to  the  increased  flooding  on  the  North  Dakota  side. 

There  is  also  a  discussion  on  the  current  status  of  modification  plans 
within  this  section.  The  report  indicates  that  Grand  Forks  and  Walsh 
County  Water  Management  Boards  propose  a  level  of  protection  not  to 
exceed  59,000  cfs.  This  is  not  correct.  The  proposal  put  forth  by  the 
Water  Resource  Districts  in  .North  Dakota  was  that  the  dikes  on  the 
Minnesota  side  would  be  modified  to  provide  35,000  cfs  protection  for 
Mijnnesota;  and  that  the  existing  dikes  on  the  North  Dakota  side  would 
not  be  raised  or  extended.  The  39,000  cfs  protection  for  the  Minnesota 
side  was  discussed  as  a  possible  compromise  plan  between  the  two  states, 
however,  this  compromise  plan  has  not  been  accepted  by  either  side  as  of 
this  date.  Tne  proposal  put  forth  by  the  North  Dakota  Water  Resource 
Districts,  55,000  cfs,  would  allois  the  top  of  levee  elevations  on  the 
Minnesota  side  to  be  at  or  near  the  observed  1975  flood  profile.  Tnis 
was  represented  in  your  analysis  known  as  Case  56.  The  report  also 
discusses  the  hydraulic  effects  of  bridges  and  approach  roads  and  the 
spoil  banks  along  Minnesota  Judicial  Ditches  and  #75.  Although  the 
computer  analysis  indicates  increased  bachvater  due  to  these  structures, 
the  effect  does  not  appear  to  be  as  significajit  as  local  landowners 
believe  it  to  be.  One  of  the  reasons  fo-**  this  .may  be  that  the  computer 
analysis  was  made  for  the  ]%  chance  flood,  whereas  the  people  in  the 
local  areas  are  more  familiar  with  the  effects  of  the  more  frequent 
floods  that  have  occurred  in  recent  years.  In  c.’der  co  have  a  better 
comprehension  of  the  hydraulic  effects  of  these  structures,  additional 
computer  analysis  should  be  made  on  more  frequ.^nt  events,  to  include  the 
5,  10,  25,  and  50  year  flood  events.  It  shoi-’:!  also  be  noted  that 
aerial  photographs  taken  during  recent  fl-''cdc  a-'ow  very  clearly  the 
substantial  flooding  that  resvHs  upst:ieain  o.  the  spoil  banks  located 
adjacent  to  Judicial  Ditch  sjf.  This  additional  flooding  results  on  the 
North  Dakota  side  as  well  as  the  Minnesota'  side  of  the  river. 

In  the  section  "Guidelines  for  .Agricultural  Levee  Construction",  there 
is  a  discussion  on  soil  foundation  guidelines.  This  states  that  to 
build  a  levee  properly  requires  a  greater  initial  investment  than  the 
levees  that  have  already  been  built,  and  also  points  out  that  the 
existing  levees  have,  in  some  areas,  performed  their  function.  Hoxvever, 
it  must  be  noted  that  in  many  areas,  the  levees  have  failed.  Further¬ 
more,  it  should  be  noted  that  if  the  dikes  are  raised  and  constructed  on 
both  sides  as  has  been  proposed  by  the  Middle  River-Snake  River  Water¬ 
shed  District,  the  potential  for  foundation  failure  will  be  greatly 
increased.  Tnis  also  will  have  an  effect  on  the  navigability  of  the 
river. 
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In  closing,  I  want  to  thank  the  St.  Paul  District  for  a  very  well- 
prepared  and  weii-WTitten  report.  1  hope  that  the  final  published 
document  can  be  available  very  soon. 


Director  of  Engineering 

DAS:sh 
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Colonel  William  Badger 

U.S.  Corps  of  Engineers 

1135  O.S.  Post  Office  &  Customs  House 

St.  Paul,  MN  55101 

Dear  Colonel  Badger: 

The  review  of  the  Technical  Information  Report  has  been  completed  and  several 
of  our  comments  have  been  discussed  with  yo\ir  staff."  1*11  briefly  discuss  the 
comments  as  follows: 

1.  Page  3;  The  100-year  flood  discharge  at  Grand  Forks  was  determineu 

by  the  interagency  committee  to  be  89,000  cfs.,  yet  the  document 

states  that  the  Corps  uses  $106,000  cfs  for  its  planning  and  design. 
It  is  not  clear  that  the  Corps  considers  106,000  cfs  to  be  tlie 
100-year  or  a  less  frequent  discharge.  The  DSGS  was  asked  by  the 
DSCE  to  review  the  current  information  with  the  intent  to  change  the 
100-year  discharge.  I  understand  that  the  O.S.G.S.  did  not  consider 
the  data  to  be  sufficient  to  warrant  the  change  advocated  by  the 
Corps.  Therefore  it  may  be  appropriate  to  omit  this  from  the 
document.  In  ariy-  case,  it  would  be  beneficial  to  identify  those 
agencies  involved  in  the  interagency  hydrology  review  committee. 

2.  Page  30:  Footnote  3  should  read  "would"  instead  of  "would  not". 

Damages  are  not  listed  and  in  fact  the  levees  would  be  effective  for 
the  1978  event. 

3.  Page  31:  Footnote  1  does  not  explain  anything  about  why  no  benefits 
are  received  in  North  Dakota  reaches  2  and  3.  It  appears  that  a 
footnote  is  missing  somewhere.  Figure  11  actually  shows  benefits 
achieved  from  the  levees. 

4.  Page  32:  The  per  acre  damages  listed  in  Table  6  (page  24)  are 

assumed  to  be  used  in  the  develofoient  ol  Table  II,  however  the 

numbers  are  substantially  different.  The  variation  should  be 
explained. 

5.  Page  38:  Figure  15,  Figure  5  and  Figure  4  give  inconsistent  values 
for  the  beginning  euid  ending  mileage  points  for  the  Minnesota  and 
North  Dakota  levees.  If  the  differences  represent  different  time 
periods  then  this  should  be  stated  or  otherwise  clarified. 


AN  EQUAL  OPPORTUNITY  EMPLOYER 
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6.  Page  33:  The  last  sentence  of  the  first  paragraph  should  read  stages 
rather  than  storages. 

7.  Page  108:  This  section  discusses  the  impacts  of  bridges  and  bridge 
approaches.  The  evaluation  should  recognize  that  the  crossings  may 
have  greater  impact  if  over  the  "oad  flow  which  presently  exists  was 
eliminated  by  future  roadway  improvements. 

8.  Page  114:  Table  20  has  a  footucte  (1)  indicator  but  no  footnote 
exists. 

9.  Page  99:  The  sximmary  of  the  Middle  River-Snake  River  Watershed 

District  is  somewhat  misleading.  The  fourth  component  refers  to  Case 
41  which  was  not  part  of  the  District  proposal.  This  sentence  should 
be  eliminated  and  if  some  comparison  is  desired,  a  footnote  may  be 
more  appropriate. 

The  summary  of  the  Grand  Forks  and  Walsh  County  prr-'osal  needs 
clarification.  In  component  one  35,000  cfs  may  be  more  appropriate 
while  recognizing  that  the  two  counties  were  willing  to  and  did,  in 
writing  compromise  to  39,000  cfs. 

The  second  component  is  incorrect  in  that  North  Dakota  would  raise 
existing  levees  to  the  Minnesota  levee  elevation  but  would  not  extend 
existing  levees-  The  proper  statement  could  be  taken  directly  from 
the  county  proposal. 

The  last  sententce  of  the  page  should  be  followed  by  a  brief  summary 
of  Minnesota  and  North  Dakota  proposals  for  resolution.  Otherwise 
the  implication  is  that  the  matter  was  resolved-  I  am  attaching 

correspondence  which  sets  forth  the  states’  proposals  and  a  letter 

summarizing  the  discussion  from  the  October  27,  1981  meeting  between 
the  Minnesota  Department  of  Natural  Resources  and  the  North  Dakota 
State  Water  Commission. 

In  summary,  -the  document  is  very  well  done  particularly  in  light  of  the 
technical  content.  The  document  constitutes  a  substantial  effort  on  the  part 
of  your  agency  to  assist  state  and  local  government  in  attempting  to  resolve  a 
very  sensitive  issue-  Although  a  resolution  was  not  formalized  to  date,  the 

document  will  provide  the  basis  for  future  discussion  on  levees  and  provide  a 
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wealth  of  information  for  other  flood  plain  activities  and  discussion.  Your 
agency's  assistance  in  these  activities  is  greatly  appreciated  and  definitely 
needed  now  and  in  the  future  to  address  the  problems  of  the  Red  River  Valley. 


Yours  truly. 


Land  Use  Management  Section 


RDH/jl 

cc:  Jerry  Paul 
j  .  Kevin  Cook 
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